American Journal of Environmental Science 9 (6): 51828, 2013

ISSN: 1553-345X

©2013 Science Publication

doi:10.3844/ajessp.2013.518.528 Published Onlif@® 2013 (http://www.thescipub.com/ajes.toc)

TREATMENT OF ORGANIC COMPOUNDS OF
LANDFILL LEACHATE IN VIETNAM BY COMBINING
COAGULATION AND OZONATION PROCESS

“Wan Huu Tap and *Trinh Van Tuyen

Division of Environmental Technology, Faculty ofmnment and Earth Sciences,
Thai Nguyen University of Sciences (TNUS), Vietnam
’Department of Treatment of Solid Waste and Air Gtah,
Institute of Environmental Technology, Vietham Aeaty of Science and Technology (VAST), Vietnam

Received 2013-07-17; Revised 2013-07-30; Accepted-P0120
ABSTRACT

Landfill leachate is a problematic pollution th&iosld be solved in Viet Nam. This study present®ieso
experimental results of removals of COD and colamf landfill leachate by using coagulation and
ozonation processes to determine the optimal @actnditions. In pre-treatment stage by coaguiatioe
results showed that the removals obtained fromethypes of coagulants showed a maximum at the
concentration of more than 3,000 md under the pH region from 7 to 8. The results atsiicated that the
significant removals of COD and color were obtaimédhe concentration of 1,500 mg‘land that PAC
was the most suitable coagulant for the pre-treatretage. The removals of COD and color in the pre-
treatment stage were approximately 30 and 70%geuotisely. Ozonation process was applied to leachate
after coagulation. The experiments are done wittecéfe of pH between 5 and 10, reaction time betwe
20 and 120 min and the amount of COD between 31&rkly. The optimum pH at ozonation was 8 and the
highest removals of COD and color were 57 and 8@X%pectively. In addition, the optimal reactiondim
and the amount of COD were 60 min and 3 kg, regpedgt

Keywords: Landfill Leachate, Coagulant, Ozonation, COD, Color

1. INTRODUCTION causing serious environmental contamination. Ifais
challenge to environmental scientists.

Currently, solid wastes generated in urban areas in The use of ozonation process to treat landfill tege
Vietham are not classified and treated thoroughly. will have high performance because ozone oxidizes
Leachate generated from landfill sites is not calfed strongly organic compounds in the leachate. However
and treated properly. Landfill leachate is a vesynplex because of its high pollution levels, leachate sdede
wastewater in Vietham. There are several toxic pre-treated to reduce the amount of organic comg®un
components of solid waste such as batteries, ergjine Rosarioet al. (2011) used ozone to treat landfill leachate,
chemicals, toxic waste in industry, commerce, Haspi after the application for 60 min of ozone at 5.3 h*,
which can carry heavy metals and other toxic omgani initial pH 7 and 400 mg T of hydrogen peroxide, COD
compounds out leachate. removal efficiency was 72% and B@DBOD increased

Landfill sites have generated the large amount offrom 0.01 to 0.24. Advanced Oxidation Processes
leachate containing highly toxic and non- (AOPs) were used to oxidise organic matters in
biodegradable organic matters, bad odour and graywvastewater (Malataet al., 2011; Zhouet al., 2009).
color (Tunget al., 2009). If leachate is not properly According to Akenet al. (2011), the oxidation with an
treated, it will pollute surface and ground water, ozone dosage of 1.3 ;@ COD in 2 h and pH value of
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9 achieved COD reduction of 30%. Other reactioretim 2.3. Analytical Methods

and pH values were not determined with their regear
COD removal reached up 70% for 240gL3 of pH and COD were analyzed by Standard Methods

leachate. The percentages for COD and colour refmova (APHA, 2005). Color was analyzed by spectrum method
at ozone dosage of 400 mglh* and pH of 9 were with Pt-Co color at 420 nm (APHA, 2005).

found to be 50 and 90%, respectively (Ratanatamskuky 4 Experimental Equipment

and Auesuntrachun, 2009).

The objective of this research investigate the  Coagulation experiments were performed in the Jar-
application of coagulation and ozonation process totest aparatus (model: JLT6 Jar test/Flocclulata@genin
remove both COD and color from leachate of landfill Italy) equipped with 6 backers showedHig. 1.
sites in Vietham. These processes reduce part eof th .
persistent organic matters in leachate. Coagulatecd®-2- Experimental Methods

leachate was then oxidized by ozone to break déwn t  pre_treatment experiments of leachate were carried

chemical links of organic matters in landfill leaté. In out with three types of coagulants: Polyaluminium

the part, there were many researchs of Iandfild:haae hloride (PAC), aluminum sulfate (A504).18H,0)
treatment based on ozone but not researching enoug nd ferric sulf:ate (F£SQ)s7TH,0). 5 mg L of

effects of all condition (pH, reaction time, ozathesage o . .
and the amount of COD...). Some researchers fooused coagqlant auxiliary All‘? (sodium acrylat_es Acrylami
high pH and only ozone dosage to treat landfilttesie copolime) was added to increase c_oagulanon process
or only treatment by ozonation process. There is no  1N€ experiments were investigated the effects of
researcher focusing on the amount of COD to asses§oncentration of coagulants on treatment efficiency
COD and color removal. Therefore, in this reseasth, followed by the concentration of which will be
effects of factors on coagulation and ozonatiorcess  suitably determined for coagulation process and

are considered to treat organic materials of le@cha advantage for the next stage.
The experiments were conducted at room temperature
2. MATERIALS AND METHODS (20+2°C). In each of the tests, coagulants (with

) calculated ratio) were added into a reaction beaker
2.1. Researching Scale containing 500 mL of leachate. The concentration of
Landfill leachate was taken from Damai landfillesit ~ coagulants were varied from 500; 1,000; 1,500; @,00
Tancuong commune, Thainguyen city, Vietnam. Damai 3,000; 4,000 to 5,000 mg L. Quick phases took place in
site have been operated since 1999 to treat saistew 3 min at a speed of 150 revolutions per minute thed
for Thainguyen city and other towns. The source of added coagulants Auxiliary (A110) at the last ménat
landfill solid waste come from domestic and indiastr rapid Stirring time. After that, Stirring Speed wasluced
activities, such as plastic bags, municipal walstehen {5 50 revolutions per min for 10 min. After slowrshg

garbage, battery. So, the compound of leachat@mg v ,.ocess, samples were settled out from 30 to 60 min
complex and is mixed young and old. In period a$ th

research, leachate samples were taken from the pond.6. Experiments 2. Landfill Leachate
between August and November 2011. It was kept in Treatment by Ozonation Processes
plastic cans and stored at 4°C in the laboratory of , i
Institute of Environmental Technology, Vietnam After coagulation, leachate was treated in the
Academy Science and Technology before analysing and®@tch-type ozonation apparatus showedig. 2, type
treating. The resulshows the characteristics of landfill reaction with working volume of 15 liters, consmiof
leachate from Damai site. The characteristics ofifid a mica column with a heigh of 120 cm and internal
leachate from Damai site: pH: 7.5-8.3; COD: 2,100- diameter of 10 cm. The pre-treated leachate samate
4,500 mg [*, Color: 1,450-4,400 Pt-Co. pumped into a reactor with volume of 5 liters. Ogas
generated by ozone generator (model: OR-15-C)a# w
purchased from Miyamoto Corporation, Japan. The
capacity of ozone is generated 24 mg fwith flow
Coagulation was used to treat leachate in expetsnen rate: 4 L min'). The air containing ozone was then
with coagulants: PAC, (A(SQy)5.18H,0, pumped into the reactor with determining time peyio
Fey(SQy)s 7H,0 and HSO,, NaOH. air flow rate was 4 L mi.

2.2. Experiments 1: Pre-Treamtment By
Coagulation-Coagulation Processes
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Fig. 1.Jar-test equipment
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Fig. 2. Schematic of the ozonation apparatus
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The experiments were performed to determine theconducted with change of concentrations of coagudén

optimum of pH, reaction time and the amount of COD. 500 mg L* to 5,000 mg L.
Initial pH was varied from 5, 6, 7, 8, 9 to 10 by The effects of concentration coagulants on

sulfuric acid and sodium hydroxide for landfill treatment efficiency are showed Kig. 3. Figure 4
leachate. The reaction time was varied from 20, 40,illustrates the effect of coagulants on color realov
60, 80, 100 to 120 min. There are the change of theThe effect of pH on COD and color removal in
amount of COD from 3; 6; 9 to 12 kg. COD and color treatment of leachate by ozonation process are
were then investigated to identify optimun of pH, presented irFig. 5and 6, respectivelyFigure 8 and

reaction time and the amount of COD. 9 inlustrate the change of COD and color by treating
leachate after increasing time reaction. Effectthod
3. RESULTS amount of COD on COD and color removal are

presented irFig 11 and 12. The amount of dissolved
pH value of leachate was not changed for ozone are showed fig. 7, 10and 13
coagulation, it is between 7 and 8. The experimesi®
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4. DISCUSSION maximum of (22%) in COD, (42%) in apparent colod an
(31%) in turbidity. The coagulation of leachate p#sa
4.1. Pre-Treatment by Coagulation was accomplished by addition of different coagudant

, . including ferric chloride, aluminum sulphate, farso
on COD Removal coagulant and pH values, respectively (Janeflial.,
2009). Results of these tests showed that among

concentration removal increased with increasingtrad't'onal coagulants the best coagulant for tneat of

concentration of coagulants (performance with PAT: the_ Ie_achate is ferric chloride in combination V\.'ﬂh
38%, Ab(SO,)5.18H,0: 14-34% and F£SO,)s. 7TH0: 3- anionic polyelectrolyte (Magnafloc LT25). Maximum

. . . 0,
30%). The COD concentration decreased 5|gnn‘|cantlyccf)1|.D anddbcolc:jrd(?mov?lzrgtesl(;‘or f4f1 a_nd leo A?dha'(:j been
after coagulation at concentrations from 1,500 my L achieved by addition ot 2.5.g 1> ot ferric chianas e.
The COD concentration decreased from 2. 798 i L These results were slighly difference with our firgb

because landfill leachate in Vietham is more comple
1

to 1’7_‘110 mg L" when coggulanlts reached from 3,000 o that of previous studies. Landfill sites cehsif
mg L or higher. Reaction might be saturated. The

municipal and industrial solid waste as well aspitasd
PAC was found to give higher efficiency of remowél P

. o : solid waste without classifying from sources. So
organic matters than others with its concentrafrom leachate characteristics are very complex, incigdin

500 to 3,000 mg T-l-_ After that, it was not increased phigh organic compounds (humic and fulvic acid, iign
even with increasing concentration of coagulant. phenol and macromolecular compound...) and high

However, COD removal reduced when increasing ioxic compounds from solid waste of industry and
concentration of ferric sulfate. hospital.

4.1.2. Effect of Concentration on Color Removal The objective of pre-treatment is COD and color
removals of about 30%, therefore, the PAC with Q6@

Performance of color removal by using coagulation | was suitable for this research with pH value fibio 8.

process increased quickly with increasing their Because the cost of £80,);.8H,0 is much higher than
concentrations from 500 to 2,000 migLThe result is  that of PAC, it is not to choose for this research.

showed inFig. 4. It was increased mostly in amounts of .
1,000 to 2,000 mg 1 and then remains constant. PAC 4.2. Treatment of Leachate by Ozonation
was one of the three chemicals that had the highest Process
performance of coagulation for these experimente T
efficiency of color removal by A{SQ);.18H0 is
similar to Fg(SQOy)s.7H,O. Color went down quickly
from 1,512 to 280 (81%) at PAC concentration 00B,0 Before ozonation process, the leachate was trégted
mg [ it then is not significantly reduced. It degreased coagulation with PAC without adjusting pH (afteidaty
down to 480 and 360 (68 and 76% respectively) atcoagulants, pH dropped from 8.3 to 7.75) and with
3,000 mg L* of Aly(SQs)s.18H,0 and Fg(S0.)s.7H:0,  concentration of 1,500 mg L
respectively. However, it was still high after
coagulation. Because persistent organics of leachat4.2.2. Effects of pH of Leachate on COD
such as humic, benzen and phenol affect highly on Removal by Ozonation Process
pretipication and adsorption of coagulants, their
concentrations were required higher than other tiiat . . o :
wastewater. The pH of leachate samples had decteasdnPut airflow at 4 L miff, the reaction time was 60 min
after treatment by coagulation because cations|3f A and not change for all experiments of pH effediiess of
and F&" have acidic characters. leachate for each experiment sample. The gas stnemm
The effect of coagulation process with ferrousatelf ~ fed to the bottom of the batch. Leachate was purfroed
on COD, apparent color and turbidity was researdbed the top of the batchHg. 2). The experiments were done
the pre-treatment of mature landfill leachatehef Pulau ~ With pH value varied from 5 to 10.
Burung Sanitary Landfill, Malaysia (Abbasal., 2009). The results of experiments to determine the infteen
The results showed that at the optimum setting forof pH of leachate was representedFig. 5 With pH
coagulant dosage was 10 @ land pH 11.7, resulted in range from 5 to 10, optimal performance was acliete

Figure 3 showed that performance of COD

4.2.1. Determination of Optimal pH Range for
Ozonation Process

The ozonation process was performed as follows:
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pH value= 8 (reaching 57%, COD decreased from 4,408 These inhibitors often terminate the chain reaction
mg L™ to 1,912 mg ). and ihibit ozone decay (Gottschale al., 2000).
Therefore, in this research, the efficiency of Ca@id
4.2.3. Effect of pH of Leachate on Color cqior removal decreased with high pH of leachatee T
Removal by Ozonation Process result of this research is different to severaharg such
Figure 6 showed that efficiency of color removal was @S Ratanatamskul and and Auesuntrachun (2009), the

similar when changing the pH of the leachate. Iswa ©OPtimun of pH was achieved at 11; (Akenal., 2011),
generally very high (from 75-85%). It was higheB{7 the pH value 01_‘ 9_ achlev_ed. However, the resulthis
82%) at pH from 5 to 8 than that from 9 to 10. hist  research was similar to Hien (2012) research ochkste
study, when pH of leachate was adjusted to 5 there  in Vietnam, 2012, with pH of 7.5 was determinedhat
precipitation before coagulation because some argan highest efficiency.

matters of leachate, such as humuc and fulvic #gitin I . .
and phenol were precipited at low pH conditioncetor 4.2.4. Deter_mlnatlon of Optimal Time of
removal increase and reached 82% after ozonation Reaction

process. Therefore, the optimal efficiencies of Caral The experiments below followed these selected

FOIOL rtemovals tvgerg_ai:r?ievedt att PH 8. pH value of b5 ameters: pH = 8, airflow to 4L minReaction time
eachate was Setlo ©in the next stage. was ranging from 20-120 min.

The amount of ozone was consumed for each
experiment was showed on below table (the 4.2.5. Effect of Reaction Time on COD Removal
concentration of dissolved ozone was measured &y th

indigo method (APHA, 2005) method No. 4506-O The results of experiments to determine the reactio

. . time of leachate was represented-ig. 8 COD of raw
The amount of ozone was dissolved about 70% |nI hat 5 868 mallbut it d d 10 2183
leachate for all pH condition. Frofig. 7 also showed e_allc ate was z, mg-Lout it decreased 1o 2, mg
that the amount of generated ozone was low (24g8 m L~ with efficiency of 24% after coagulation by PAC.

for 60 min. However, it was not reacted completeith Ozonation experiments showed significant reduction
organic matters of leachate because ozone isulific ~ COD after 40 min and the highest decline is afentin,
dissolve in water and wastewater. reduced to 1,455 mg L (removing 49% COD). Then

Under acidic condition, organic compounds were efficiency did not increase significantly when reaic
oxidised directly by molecular ozone. The direct time was increased. The cause of this can be ealai
oxidition (M+0;) of organic compound by ozone is a that the reaction between ozone and organics ohéta
selective reaction with slow reaction rates, tyfyca |oaches saturated rate.
being in the rang ofk= 1.0-16 M™*s™* (Gottschallet al.,

2000). Surface waters (p# 7) both pathways-direct and 4.2.6. Effect of Reaction Time on Color Removal
indirect-can be of importance (Hoigje, 1983). Thsult

of this research was similar to that of Staehlird an
Hoigié’s research. In high pH (alkality conditiorthe
decay of ozone to form secondary oxidants sach a
hydroxyl radicals (OH):

Similar to COD removal, color removal efficiency

was high after ozonation process, raw landfill lese

as gray but it changed to black green after ccsigun.

t is presented irFig. 9. Ozonation was conducted to
remove landfill leachate from 20 min to 120 min. It
could be seen that leachate changed from blaclkdmee
brown after 20 min of reaction with the color we384
Pt-Co (efficiency of 76%), then yellow in 40 mirhét
color: 294 Pt-Co with efficiency of 84%). After @0in it
switched to white with 93% of color removal, eféacy
of color removal was 97% after 120 min.

03 + Hzo — 2HO.+ 02

Oxidation of organic compounds by hydroxyl free
radicals produced during the decomposition of ozone
Thus, under conditions favoring hydroxyl free radic

production, the hydroxyl oxidation starts to domma The amount of ozone was consumed for each
Hovgever, OH can be destroyed by anions of 'Cl  gxperiment of effect of reaction time is showedtie
CO;”, HCG; of leachate in Vietham: Fig. 10.
. ) N ! The amount of dissolved ozone increased with time
OH + CG" — CO;” + HO from 20 to 80 min. It slowly went up when reactiime
OH + HCO; — HCOy" + OH rising. The amount of ozone that was not reacted
OH +CI — CIOH" increase with time. As a result, optimal reactiomet was
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identified after 60 min for this research. The egan
be explained that reaction of Oldnd Q with organic
matters in leachate might have reached saturasiosid.
In addition, OHwas also decayed by several anions Cl
HCOs'... of the leachate. Thus, the efficiency of COD

5. CONLUSION

Leachate is difficult to handle, using only one hnoet
will not achieve good results, so there should éeml
stages with appropriate treatment methods. In this

and color removal and dissolved ozone in leachateresearch, tests of coagulation of leachate showad t

slightly increased with rised reaction time. Thetatan
be higher when increasing reaction time. So, @adime
of 60 min is suitable for this research.

4.2.7. Determination of Optimum of the Amount
of COD of Leachate

after processing with this method, leachate stikkttm
standards to discharge. Therefore, during this
experiment, the coagulation was considered thd firs
stage of processes. From the experiments, the péesn
suitable for the first phase of leachate treatmeate
been determined: PAC of 1,500 mg-LAfter ozonation
process, the optimal parameters have also been

In these experiments, the amount of COD of getermined: pH = 8, reaction time: 60 min and the
leachate was changed to the test. The experimentgmount of COD: 3 kg. The process of combination of
were conducted with leachate after coagulation ascoagulation-coagulation and ozonation achieved high

follows: Airflow at 4 L min?, reaction time: 60 min
with ozone concentrations generated at 24.48 g L
air. The amount of COD of the leachate test was, 3,
9 and 12 kg COD.

4.2.8. Effect of the Amount of COD of Leachate
on COD Removal

Figure 11 showed that the COD concentration of raw
leachate was 2,180 m? I after coagulation, it
decreased to 1,526 mg Lwith efficiency of 30%.
Ozonation processes were conducted with the anafunt

COD of leachate was 3, 6, 9 and 12 kg. After these

processes, the highest efficiency of COD removas wa
equivalent to 52% with COD = 1,046 mg’lat 3 kg
COD. Then increasing the amount of COD to 6, 9%d.2

the COD removal efficiency decreased gradually and

reduced to 40% at 12 kg.

4.2.9. Effect of the Amount of COD on Color
Removal

The efficiency of color was also similar to COD
removal showed ifrig. 12 It decreased with increasing
the amount of COD. It reached the highest valug&sb
at 3 kg of COD. Then the increasing the amount@bC
efficiency decreased because when
concentrations of COD, the mass of @duced, so
efficiency went down.

The amount of dissolved ozone in the leachate is

showed inFig. 13 It was slightly increased with

increased the amount of COD from 3 to 10 kg. Begaus

the amount of organic matters of batch is risedhwit
increased the amount of COD, so, more ozone disdolv

in the leachate. However, dosage of ozone per the

increasing

efficiencies: COD removal efficiency: 52%, colo6%,
respectively. In addition, with high persistent aodic
organic matters of leachate in Vietham, ozonation
process can be used to remove no-biodegradableiorga
compounds before bio-treatment is necessary.
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