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PREFACE

Green Technology that provides the basic needs of society in sustainable environment is
essential for the survival, health and well-being of a society in developing countries. The
engineers, scientists, policy makers, academics, environmental consultants, environmental
contractors, industrial practitioners, businessmen, politicians, NGOs are at the epicenter in
seeking means to enhance human life through modernization of technology and infrastructure.
The current rate of urbanization, industrialization and environment mismanagement rise
environmental issues. The problems are further aggravated with environmental degradation such
as soil erosion, depletion of water resources, climate changes, and others. In order to seek
answers for these multifaceted challenges, proper planning, implementation and verification
exercises are required, via an integrated, multidisciplinary and holistic approach especially in the
area of green infrastructure and green cities, development of eco-industry, environmental health
and risk assessment, air quality, advanced technology, natural resources and mitigation of
climate change. This international conference shall become a momentum for development of
sustainable environment through green technology.

The 5™ Environmental Technology and Management Conference (ETMC) was held on 23-24"
November 2015, at Sasana Budaya Ganesha, Institut Teknologi Bandung (ITB). The ITB is
located in Bandung, West Java. Bandung is the center of Sundanese culture and volcanoes
surrounds city which make Bandung to be a delightful place to host this conference. More than
300 scientific participants (researcher, students, government officers and industries) had many
fruitful discussions and exchange ideas that contribute to the success of the conference.
Participants of the conference are coming from US, Australia, Nederland, Japan, Malaysia,
Singapore and Indonesia, made the conference truly worthwhile globally. There are 4 speakers
in plenary sessions covering different areas, and all the keynote speakers are well known and
competent speakers; They are Ir. Mochamad Basoeki Hadimoeljono, M.Sc., Ph.D (Ministry of
Public Works and Housing, Republic of Indonesia), Prof. Dr. AJM Smits (Director of Institute
for Science, Innovation & Society, Radboud University Nijmegen), Albert Simanjuntak
(President Director of Chevron Pacific Indonesia) and Ir. Edwan Kardena, PhD (Environmental
Engineering, Institut Teknologi Bandung). There were also 5 parallel sessions with eight invited
speakers : Prof. Satoshi Okabe; Prof. Ir. Mindriany Syafila, MS; Prof. Ir. Iwan Kridasantausa
Hadihardaja, MSc, PhD; Prof. Dr. Takeshi Fujiwara; Rene van Berkel, PhD; Prof. dr. A.M.J.
Ragas; Dr. Budi Haryanto, SKM, MKM, MSc; Dr. rer.nat Armi Susandi,MT.

This volume of proceedings from the conference provides an opportunity for readers to engage
with a selection of refereed papers that were presented during the conference. These proceedings
divided into 6 sections of 110 abstracts as oral presentation and 23 abstracts as poster session
with such topics as follows: Air Quality & Climate Change, Green Cities & Infrastructures,
Eco-Industries, Appropriate & Advanced Environmental Technology, Natural Resource
Management, and Environmental Health and Risk Assessment. Selected papers will be
republished in the special issues of Journal of Technological and Engineering Sciences.



Generous support for the conference was provided by Chevron Pacific Indonesia, JICA, BNI,
Vale, Sari Husada, Indocement, Holcim, Sabuga and Faculty of Civil and Environmental
Engineering, ITB. The funds were sizeable, timely, and greatly appreciated, and allowed us to
support a significant number of young scientists (students) and delegates from developing
countries.

Finally, the 5™ ETMC was a very successful conference. The plenary lectures, parallels session
and special reports bridged the gap between the different fields of green technology, making it
possible for non-experts in a given area to gain insight into new areas. Also, included among the
speakers were several young scientists and students, who brought new perspectives to their
fields. Given the rapid advancement of science in all areas that covered by ETMC, we expect
that this ETMC was as stimulating as the previous one, as indicated by the papers contributions
presented in this proceeding volume.

Bandung, 24 November 2015

Ir Agus Jatnika Effendi, PhD
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Abstract: BOIVCOD Leachate from the old'completed landfill is very low so that chemical oxidation process
can be used fo freat it This research was using ozone () and Oy UV process to treat leachate from old
landfill. The aim of this research is io compare and contrast the gfficiency of both processes by a semi batch
contactor with confinuous ozone gas supply as many as 3 Liminutes to the contactor filled with 1 L leachate
samples. Oy'UT procerser show better performance than O; alone. Oy UTV can remove turbidity as mary as 80%
and O; processes only half of that (40%). Conductivity of the sample was decrease wniil 41% on OxTT
Processes meanwhile on O3 processes it was only 22%. 66% of Organic aromatic as UV 254 were removed on
O3/UF processes in the meaniime O3 processes only remove 51%.

Keywords: Ozone; Advance Oxidation Process; Efficiency; UT.
1. Introduction

Landfill 1s widely used in developing countries, including Indonesia. More than 68% of its
waste generation ends up 1n landfill. The drawback from this technique 1s that 1t will produce
leachate. Leacheate problems in Indonesia are complex and become one of the national
problems due to the inappropnate handling. This condition get worse with an open dumping
system which 1s mostly operated 1n the landfill (Damanhuri, 2008b). This kind of landfill
operating system will increase the generation of leacheate quantity. The quantity of leachate
is depending on the rain water which percolated into landfill cell. However, leachate is also
resulted from degradation process of organic waste which are dominated the solid waste

composition 1n Indonesia. Leachate will be generated continually even when the landfill had
not operated.

Leachate contains organic material which either biodegradable or non-biodegradable. It 1s
also containing significant amount of ammonia and heavy metals. According to toxicological
test, leachate had a harmful effect to man health (Renou, et al, 2008). Leachate characteristic
15 affected by the age of landfill cell Most of the biodegradables organics i1s found on
leachate from the voung cell (below 10 vears). meanwhile leachate from old cell generally
contain non-biodegradable organic (Renou, 2008).
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The efficiency of leachate treatment depends on its characteristic. It means that the quality
and quantity of leachate must be determined before we treat the leachate which 1s affected by:
ramnfall intensities; runoff, daily cover permeability; compaction technique; and its
composition (Renou, 2008) Stabilization pond are commonly used in Indonesia as a leacheate
treatment technique (Damanhuri, 2008b). It has a long detention time as 1ts weakness which
required an extensive land that mamnly difficult to found in urban areas. Furthermore, leachate
15 waste that 1s difficult to directly biologically treated (Cortez etal, 2010).

Advanced oxidation technique 1s a technique that can be used to reduce color, organic matter
content, as well as to change the leachate to be more easily degraded (Renou, 2008). Ozone 15
interesting to be used because it has high oxidation power. In water, ozone will decompose to
OH'. the strongest oxidant in the water (Von Gunten, 2003).The process of ozonation and
advanced oxidation process by accelerating the decomposition of ozone into OH radicals 1s
one of the efforts that can be considered to be effective for leachate treatment.

This research used leachate samples from old cell landfill The sample was taken from
Leuwigajah landfill which operated duning 1987-2005. The landfill designed was sanitary
landfill technique, but the fact showed that it was operated by the open dumping system.
Oxidation technique by using conventional ozone (O;) and Advance Oxidation Process
(AOP) were used to treat leachate. One of AOP techmique 1s O3/UV. UV can decompose
ozone to produce hydroxvl radicals more rapidly. Ozone conventional process and O3;UV
can reduce COD and improve the quality of leachate until it 1s ready to be degraded by
biological process (Tizaous et al 2007).

2. Materials and Methods

Samples were taken as a grab sampling from the leachate collection points which become an
effluent channel. It flows through water bodies without any treatment. Leachate characteristic
will have an impact on the stability of the ozone in the water, which 1z highly dependent on
its characteristics especially pH, type and organic matter content and alkalinity of water
(Hoigne, 1983). The measurement of leachate characteristic was taken on parameter of BOD,
COD, pH. Electrical conductivity, turbidity, temperature, alkalinity and UV 254 The
methodology being used for each parameter refers to the SNI and the Standard Methods for
the Examination Water and Wastewater 21th edition.

The study was conducted in a semi batch with continuous ozone gas supply to the contactor
filled with leachate samples. The equipment used in this study was oxygen tube, flow meter,
ozone generator and ozone contactor which can be seen at Fig 1. The flow of oxygen to the
ozone generator 1s measured by the flow meter with flow rate at 3 L/'min. Ozone generator
used were OZF - 1G , POWER 200 W | 220 V. which will change the O3 into O3;. Ozone
which generated from the ozone generator is supplied to the ozone contactor which had
previously been filled with 1 L of leachate sample. For a presence of homogeneous ozone
through the leachate sample, ozone gas 1s supplied by using a filter disc.

PROCEEDINGS- Environmental Technology & Management Conference, Bandung-Indonesia, November 23-24 2015
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Figure 1. Experimental Set Up

Total contact time in every vanation was 60 minutes. Every 10 minutes, sample was taken to
be measured to observe the dynamic changes of every parameter such as ozone residual
concentration, pH, and alkalinity. The concentration of residual ozone and the presence of
OH radicals in the solution will affect the effectiveness of the process of oxidation.
Meanwhile to identify the effect of the ozonization process the parameter that measured were
turbidity, conductivity, aromatic organic, and COD._ It 1s also essential to identify the removal
critical point of each parameter.

3. Results and Discussion
3.1 Leacheate Characteristic

The pH of the leachate sample was on neutral range, and the temperature was on room
temperature. pH will affect the rate of ozone decomposition. The more alkaline pH, the
decomposition process will be faster than in acidic pH. The sample contain carbonate
between 90 and 102 mg/L, and bicarbonate between 205-234.2 mg/L.. In the conventional
ozonation process, carbonate and bicarbonate 1s an inhibitor chain reaction (von Gunten,
2003), as well as the waste treatment process (Fernando, 2003) The organic aromatic of the
sample was measured by UV 154, and 1t was 1.0434 Abs. It 15 a parameter which informs the
quantity of aromatic organic matter and unsaturated compounds in water (Beltrand,
JFernando, 1993). Organic materials such as lignin, humus and aromatic compounds_ in
general, can be absorbed by UV radiation (APHA, 1999). COD of the sample were 280.9-
2823 mg/LL and the BOD was only 11.3-14.46 mg/L. The ratios of BOD/COD were only
0.04-0.05 which indicated that biological process will not effective to be used. Furthermore,

this small ratio was due to degradation of biodegradable organic which mostly happened in
old cell landfill (Renou, 2008).

3.2 Ozone Residual Concentration

The comparison of ozone residual concentration of conventional O3 and AOP OQUV 1s
shown at Figure 2.

PROCEEDINGS- Environmental Technology & Management Conference, Bandung-Indonesia, November 23-24 2015



OP/AE003-4
Sitt Ainun, et.al

0.18
0.16
0,14
0,12

0,1
0,08
0,06
0,04
0,02

(mg/L)

0 20 40 60 80

Contact time (minutes)

== Conventional (mgT) =—l=03TV (mgL)

Figure 2. Comparison of Residual Ozone Concentration

Table 1 informs that the concentrations of residual ozone on O3z process are higher than on
03/UV process. In solution, ozone can react with various compounds dissolved in water in
two ways, which are direct reaction and indirect reaction. Both of these reactions are an
oxidation reaction. Immediate reactions are reaction which conducted by ozone, whereas
indirect reaction is the reaction which is done by the decomposition products (Chen, 2008).
Decomposition of ozone 1s the first step of the reaction mechamism performed in indirect
reaction. The lower concentration of residual of ozone at O3UV process indicating the OH -
on this process 1s higher compare to O3 process. UV light can decompose ozone more quickly
and 1t can result free radical in significant amount for oxidation process (Chen, 2008).
Topudrutiet. al._ 1993 in Savant, 2003 informed that the reaction of ozone with UV results in
the formation of hvdrogen peroxide which then reacts with UV light to form hvdroxyvl
radicals. The presence of hydrogen peroxide will accelerate the form of form hydroxyl
radicals by the reaction as follow (Kurniawan et al, 2006):

203+Hy07— 2+0H + 303

3.3 The Dyvnamic Changes of pH and Alkalinity

The dynamic changes of pH and alkalinity are measured to evaluate the response of leachate
on ozonation process. pH i1s an important parameter because hydroxide ions initiate
decomposition of ozone. Alkalinity measurements will be seen from the dynamics of the
content of carbonate and bicarbonate. The increase in pH will initiate the ozone

decomposition, otherwise carbonate and bicarbonate will retain it. The result of the research
can be zeen at Table 1 and Table 2.

PROCEEDINGS- Environmental Technology & Management Conference, Bandung-Indonesia, November 23-24 2015
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Table 1 pH comparison

Time (minute) Conventional Oz (mg/L) AOP O3 UV (mgL)
10 8.08 6.89
20 8.68 748
30 896 7.59
40 898 7.65
50 9.07 7.67
60 013 f

Table 2 Alkalinity comparison

Time (minute) Conventional O3 AOP O/ UV
Carbonate Bicarbonate Carbonate Bicarbonate

_ (mgl) (mg/L) _ (mgl) = (mgl)
10 %6 2196 144 683.2
20 78 1891 96 536.8
30 20 1586 48 4392
40 20 1281 48 2928
50 84 1403 48 146 4
60 78 115.9 96 976

It shows that the pH of the sample gradually increase at every contact time, meanwhile
carbonate and bicarbonate are decreasing. The pH will increase due to ozone decomposition
which will produced OH', meanwhile carbonate and bicarbonate were continually used as a
reactant so that carbonate radical will be produced and act as terminator of chamn reaction
production of OH"

3.4 The Process Efficiency
The performance of the ozonization process will be shown through the removal efficiency of
turbidity, conductivity, organic aromatic and COD which presented in Figure 3, Figure 4,

Figure 5 and Figure 6.

100%

80% -
60% -
40% -
20%

0%

0 10 20 30 40 50 60 70
Contact time (minute)
=== Conventional 03 =—ll=03TV

Figure 3. Turbidity Removal Efficiency

Figure 3 show that O3 UV has a higher efficiency in removing the turbidity. The critical point
for O3/UV 15 at 30 minutes with 84% removal efficiency, meanwhile in the conventional D3

PROCEEDINGS- Environmental Technology & Management Conference, Bandung-Indonesia, November 23-24 2015
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can remove 42% turbidity at 40 minutes of contact time. At the end of total contact time,
03/UV reach 80% removal efficiency with 2.42 NTU and only 42% removal efficiency can
be achieved for conventional Os;. In water, ozone decomposes into OH radical which 1s the
strongest oxidizer in water. OH radicals are not selective, while ozone is selective. Therefore,
if there 15 a material resistant to ozone, it will be oxidized by OH radicals (von Gunten,

2003).

0% T
] 20 40 60 80

Contact Time (minutes)

mfpe= Conventional 03 =—f=03TTV

Figure 4. Conductivity Removal Efficiency

The same trend of turbidity 1s shown with the result of conductivity removal. The high
content of electrical conductivity usually indicates the level of contamination in the water.
Based on Sehah (2008), leachate 1s indicated containing many compounds of acids, bases and
zalts which are dissolved into positive ions and negative ions that increase its conductivity.
The conductivity removal efficiency from conventional Oz (22%) 1s only reached half from

the O3/ UV achievement (44%). After 60 minutes of contact time_ the electrical conductivity
is around 46,1 pmhos/L for conventional Osand 80,5 pmhos/L for O3 UV.

30% -
60%
40%

20%

0% . T T -
0 20 40 &0 80
Contact Time (minute)
== Conventional 03 =fil=03TV

Figure 5. Organic Aromatic (UV 1z4) RemovalEfficiency

Figure 3 provides information that the removal of aromatic organic material 1s occurs 1 each
process. In the conventional ozonation process, aromatic organic matter content was reduced
byv31% with 0508 Abs, while the AOP process (03/UV), 1ts efficiency rises to 67% with
0.138 Abs. This result indicates that there 1s a close relationship between the concentrations
of residual ozone removal efficiency of aromatic organic matter. In the AOP process

PROCEEDINGS- Environmental Technology & Management Conference, Bandung-Indonesia, November 23-24 2015
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(02TV), it is known that at 30 minutes of contact time, concentration of residual ozone is at
its lowest point, which indicates dominance presence of OH radicals to improve the removal
efficiency of aromatics organic matter and other unsaturated compounds. When the
aforementioned data i1s related to the ozone residual concentration data. it indicates that
hydroxyl radicals capable of degrading organic aromatic stronger than ozone.

The COD removwal efficiency 1s shown at Figure 6 which gives information that the AQP
process (03/UV) only able to have an efficiency of 38% with COD concentration 1s about
267 mg/L . while the conventional ozonization process 1s reach up to 43% with 133 .60 mg/L.
The critical point in the conventional ozonation process 1s at the 60th minute and 30 minute

for AOP (03/UV).

- — —

a 20 40 60 20

Contact time (minute)

== Conventional 03 =ll=03TV

Figure 6. COD RemovalEfficiency

COD reduction indicates that the ozonation process both conventional and AOP are highly
dependent on the direct reaction and indirect reactions. Indirect reaction play more dominant
role in the provision for organic materials to produce better efficiency. According to Wu
(2004) O3/UV is the most effective of AOP to increase the level of biodegradability of
leachate. It 1s because when we used this process, organic complex will be oxidized to form
low molecular organic carbon. UV radiation is not only make the ozone molecule to become
OH - but also made organic more easy to be degraded (L1, Zhou, & Hua, 2010). The sample
was taken from old cell of landfill. with possibility that organic degradable content are
already naturally degraded. Organic degradation can be carried out by microorganisms in the
so1l where the leachate flows before finally assembled on the drainage channel that looks like
a pool (sampling location). The length of natural degradation time which has occurred can
cause the leachate contains the compounds which are remain resistant (very difficult
degraded) or are toxic.

4. Conclusions

03/UV processes show better result than O;. O3UV can remove turbidity as many as 80%
and Os processes only half of that (40%). Conductivity of the sample was decrease until 41%
on O3/UV processes meanwhile on O3 processes 1t was only 22%_ 66% of Organic aromatic
as UV 254 were removed on 03UV processes in the meantime O3z processes only remove
51%. The research shows that critical points to remove all above parameters were between
30-40 munutes. The research result was shows O3i/UV process are appropnate to treat
leacheate from old cell especially for organic aromatic content.
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