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Abstract—Performance of vegetated horizontal
subsurface-flow constructed wetland was evaluated for the
removal of ammoniacal nitrogen (AN), total reactive
phosphorus (TRP), and soluble reactive phosphorus (SRP) from
landfill leachate. Four reactors were used, namely RI (granite
without vegetation), RII, and RIII which consists of granite and
gravel with different sizes respectively and RIV contained sand
and 67.5 L of charcoal. RII, RIII, and RIV were planted with
cattails. The leachate obtained from the site of Pulau Burung
Sanitary Landfill, Penang was introduced into RI at flow rate of
18 mL/min which was continuous to flow through another three
reactors. The leachate was analyzed for AN, TRP, and SRP
before and after the treatment in each reactor by standard
methods. The overall average removal efficiency of AN, TRP,
and SRP were 86.7, 86.2, and 90.0%, respectively. Reactor IV
performed the best for removal of all the parameter studies.

Index Terms—Ammoniacal nitrogen, landfill leachate, total
phosphorus, vegetated constructed wetland.

I. INTRODUCTION

Landfilling is the main method of municipal solid waste
disposal in most countries. The composition of waste
deposited in landfills is determined by the consumption
habits and waste management systems as well as the changes
in commonly used materials in the society [1]. Landfill
leachates produced from these areas are classified as
problematic wastewaters and represent a dangerous source of
pollution for the environment due to its fertilizing and toxic
effects [2].

Leachate is a high-strength wastewater formed as a result
of percolation of rain water and moisture through waste in
landfills. The composition of leachate greatly depends upon
the landfill age [3], the quality and quantity of waste,
biological and chemical processes that took place during
disposal, rainfall density and water percolation rate through
the waste in the landfill [4]. Leachate mainly consists of
heavy metals, organics with different biodegradation and
inorganic matters such as ammonia, sulfate and cationic
metals [2]. The leachate produced gives a number of
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environmental problems primarily due to the heterogeneity of
waste composition [5]. Therefore, treatment of the leachate is
essential before it could be discharged directly into the
receiving water bodies.

One of the sustainable low cost solutions for leachate
management is constructed wetland system which utilizes
anaerobic and aerobic reactions to break down, immobilize
or incorporate organic substances and other contaminants
from the leachate [6]. Treatment in the constructed wetland
involves several processes such as microbial degradation,
plant uptake, sorption, sedimentation, filtration and
precipitation [7].

There are two basic designs for constructed wetlands
which are subsurface-flow (SSF) and surface-flow (SF)
wetlands. In the SSF, the water may flow horizontally
(parallel to the surface) or vertically through the matrix and
out of the system, whereas, the water moves above the
substrates surface in SF [8].

The primary role of vegetation in a wetland treatment
system is to recycle nutrients in the waste into a harvestable
crop. The vegetation such as cattail, typha latifolia, is the
support media for biological activity and maintains long term
infiltration rates. Besides, the presence of vegetation
increases the wetland evapotranspiration efficiency [6]. The
plant active reaction zone is the root zone or rhizosphere
where physicochemical and biological processes take place.
The processes are induced by the interaction of plants,
microorganisms, the soil and pollutants [9].

Biodegradable organic compounds and ammonia are
constituents of leachate that pose the most significant
environmental threats [10]. The processes of removal and
retention of nitrogen in constructed wetland include NH;
volatilization, nitrification, denitrification, nitrogen fixation,
plant and microbial uptake, mineralization (ammonification),
nitrate reduction to ammonium (nitrate-ammonification),
anaerobic ammonia oxidation, fragmentation, sorption,
desorption, burial and leaching [11]. Although processes for
nitrogen removal are manifold, nitrification-denitrification is
the main process for nitrogen removal [12].

Phosphorus occurs in natural waters and in wastewaters
almost solely as phosphates. These are classified as
orthophosphates, condensed phosphates (pyro-, meta-, and
other polyphosphates), and organically bound phosphates.
Phosphorus is essential to the growth of organisms and can
be the nutrient that limits the primary productivity of a body
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of water. However, if excess phosphate enters the aquatic
systems, algae and aquatic plants will grow wildly, choke up
the aquatic system and use up large amount of oxygen. This
condition is known as eutrophication or overfertilization of
receiving waters. The rapid growth of aquatic vegetation can
cause the death and decay of vegetation and aquatic life due
to the decrease in dissolved oxygen levels [13].

In this study, the horizontal vegetated subsurface-flow
constructed wetland was used. The leachate sample was
flowed continuously through the four reactors, RI, RII, RIII
and RIV. The RII, RIII and RIV were planted with cattails,
typha latifolia. The removal efficiency of ammoniacal
nitrogen and total reactive phosphorus and soluble reactive
phosphorus were determined before and after the treatment.

II. EXPERIMENTAL

A. Preparation of media

The charcoal with diameter 4<@<10 mm was prepared by
burning oil palm shells in furnace for 6 hours at 400 °C. The
other filter media consists of granite (10<¢p<25 mm), gravel
(4< ¢ <10 mm), and sand (4<¢p<10 mm) were washed
thoroughly with tap water for 4 times before being used in
order to remove all the impurities.

B. . Determination of leachate pH

The pH of leachate was measured with a digital portable
HANNA instruments pH 211 Microprocessor pH meter.

C.  Setting up of wetlands system

Four reactors, coded as RI, RII, RIIT and RIV of dimension
50 cm (width) x 150 cm (length) x 60 cm (depth) were
employed in this experiment. RI consists of granite (without
plant), whereas, RII and RIII were set up with granite and
gravel with different sizes respectively and RIV was filled
with sand and 67.50 L of charcoal. Except RI, other reactors
were planted with #ypha latifolia. The arrangements of
reactors were in descending height order to allow leachate to
flow along the wetland system from reservoir to RIV
gravitationally. Each reactor was fixed with 5 perforated
T-shape tubes as sampling points, labeled as Point 1 (inlet),
Point 2, Point 3, Point 4 and Point 5 (Fig. 1).

D.  Leachate treatment - determination of ammoniacal
nitrogen (AN), total oxidized nitrogen (TNOx-N), and
nitrite nitrogen (NO2-N),

Raw leachate collected from landfill site in Pulau Burung,
Pulau Pinang was filled into reservoir and let flowed into RI
at a predetermined rate of 18 mL/min to fill the RI within 7
days. After 7 days leachate sample in RI was collected from 5
sampling points and analyzed for determination of the
concentration of ammoniacal nitrogen (AN), total oxidized
nitrogen (TNOx-N), nitrite nitrogen (NO,-N), total reactive
phosphorus (TRP), and soluble reactive phosphorus (SRP).
The leachate sample was left to flow into the following
reactors by overflow pipe which was connected to the inlet
pipe of the following reactors. For every 7 days continuously,
the leachate was analysed for all three parameters at every
sampling points for all reactors. The amount of rain fall was
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measured throughout the study.
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Fig. 1. Schematic diagram of reactor.

Analysis for all the parameters studies were conducted
based on the Standard Method for the Examination of Water
and Wastewater (APHA, 1985). AN was analyzed using the
titrimetric method. Devarda’s alloy reduction method was
used to determine the concentration of TNOx-N. Whereas,
the colorimetric method was used to determine the NO,-N
using UV-Vis Hitachi U-2000 Spectrophotometer at 543 nm
with 1 cm cuvettes. Total phosphorus was determined from
untreated leachate using the ascorbic acid method. Soluble
reactive phosphorus was determined from filtered leachate
through Advantec GC 50 glass-fibre filter paper size 70 mm
(Toyo Roshi Kaisha, Ltd) using ascorbic acid method.
Triplicate of analyses were performed for each sample of
each parameter.

III. RESULT AND DISCUSSION

The combination performance of all reactors in the system
for removal of ammoniacal nitrogen (AN), total oixidized
nitrogen (TNOx-N) and nitrite nitrogen (NO,-N) are shown
in Fig. 2. The average concentration of AN, TNOx-N and
NO,-N at each sampling point for all reactors are shown in
Figs. 3(a), (b) and (c) respectively. While the removal
percentage of AN, TNOx-N and NO,-N for each reactor at
each sampling point are shown in Figs. 4(a), (b) and (c)
respectively.
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Fig. 2. The concentration of ammoniacal nitrogen, total oxidized nitrogen
and nitrite nitrogen for Reactor I, II, IIT and IV.
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Results show that the average concentration of AN in raw
leachate sample is 459.9 + 52.68 mg/ L and decreased to
61.38 £3.206 mg/ L at the end overflow of RIV (Fig. 3(a)).
This give the overall percentage removal of AN of 86.7 %.
For unvegetated the removal of RI is 23.3 % and increased to
31.7 % of RII and then slightly increased to 34.9 % of RIIIL.
The removal efficiency is the highest for RIV which is
60.9 % (Fig. 4(a)). The overall removal efficiency for AN is
the combination of the efficiency of Reactors I, II, IIT and I'V.
The result shows that the overall removal efficiency is high
when the four reactors are combined into a system.

Process of nitrification-denitrification is the most
significant mechanism for biological nitrogen removal in
constructed wetland [13]. The removal efficiency depends
greatly upon the hydraulic retention time (HRT) which
affects the duration of contact between the microbial
population within the wetland system and the pollutants such
as nitrate and organic compounds [14]. For AN, HRT plays a
very significant role on removal efficiency. The longer the
HRT, generates the higher removal efficiency of AN [15].
The combined system gives a total HRT of 28 days. As the
longer time the leachate sample stays in the system, the
nitrification and denitrification processes will be longer. As a
result, the overall removal efficiency of AN achieves 86.7 %.

Cattail plants (Typha latifolia) which planted in Reactors I,
III and IV play an important role in removing biological
nitrogen compounds. The roots and rhizomes are hollow and
contain air-filled channels that are connected to the
atmosphere for the purpose of transporting oxygen to the root
system [16]. The removal of AN is largely dependent on the
oxygen supply in the media [17]. The plants transport oxygen
to the rhizosphere, thereby creating aerobic microsites which
is adjacent to the roots and rhizomes where ammonia will be
oxidized to nitrite by nitrifying bacteria such as nitrosomonas
and then to nitrate by nitrobacter [13].

The main difference between Reactor I, II, III and IV is the
type of the media employed and its physicochemical
characteristics. The removal efficiency depends on the
porous media size and type. Finer porous media are more
effective than coarser media [15]. The media with different
size have different available surface area for nitrifier biofilm
growth and different oxygen transfer rate. Reactor III and IV
which fed with gravel of smaller and equal size with sand
respectively provide larger surface area for nitrifier growth as
compared to Reactor I and II which employ granite as filter
media. Surface area for nitrifier biofilm growth can be a
limiting factor upon nitrification on highly loaded system.
However, inadequate of oxygen transfer rate are more likely
to limit nitrification than substrate surface area availability
[18].

Aerobic and anaerobic processes are the main processes
occur in each reactor of constructed wetland [19]. Five
sampling points in each reactor where Point 3 and 5 are
located at middle part of the reactor, while, Point 2 and 4 are
located at bottom part of the reactor (Fig. 1). For AN removal,
Point 3 and 5 show lower concentration of AN compared to
Point 2 and 4. This is because Point 3 and 5 are located in
aerobic region which is preferable for nitrification to occur.
Most of the AN lost as nitrite and nitrate by nitrification

process at Point 3 and 5 by used of oxygen.
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Fig. 3. The average concentration of (a) AN, (b) TNOx-N and (c) NO,-N for
Reactor I, II, IIT and IV at different sampling point.

At bottom part of the reactor which is anaerobic region, the
removal of biological nitrogen is mostly due to conversion of
nitrogen compounds to different form by denitrification
process which is carried out by denitrifier bacterial. This
process is supported by the lower concentration of TNOx-N
at Point 2 and 4 as compared to Point 3 and 5. Anaerobic is
the condition which lack of oxygen supply. Depletion of
amount of dissolved oxygen could be proposed that
denitrification is the major removal process [20]. In
denitrification process, NO3;-N and NO,-N are reduced to AN
and further to N,. Therefore, the concentration of TNOx-N is
lower at anaerobic region.

The average concentration of TNOx-N in raw leachate
sample is 50.17 = 12.83 mg/ L and increased to 58.33 +=9.934
mg/ L (Fig. 3(b)). This result gives a negative effect for
overall percent removal that is -16.3 % (Fig. 4(b)). Whereas,
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the average NO,-N concentration in raw leachate sample is
2.345 £ 0.5950 mg/ L and decreased to 1.888 +0.4858 mg/ L
at the end of the system (Fig. 3(c)). The overall percent
removal of NO,-N is 19.5 % (Fig. 4(c)). The result obtained
shows that as there is a decrease in concentration of TNOX-N,
the concentration of NO,-N will be increased and vice versa.
Besides, the data shows that there is NO,-N accumulation in
Reactor II and III. However, as the leachate sample is reached

Reactor IV, the accumulation of NO,-N is oxidized to NOs-N.

This is shown by the increased in average concentration of
TNOx-N and decreased in average concentration of NO,-N
at the end of the system. The rate of conversion of NO,-N to
NOs-N is low in the system. The average concentration of
TNOx-N at Point 2 and 4 is lower compared to Point 3 and 5.
This result indicated that at the Point 2 and 4 which located at
bottom part of the reactor the denitrification process was
enhanced and eventually reduced the amount of TNOx-N.
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Fig. 4. Percentage removal of (a) AN, (b) TNOx-N and (c) NO,-N for
Reactor I, II, IIT and IV at different sampling point.

Ammonia volatilization is a physicochemical process.
Losses of AN through volatilization are not serious if the pH
value is below 8.0. But, if the pH values rise to values as high
as 8.0 — 8.5, the process of ammonia volatilization increases
[21]. In this study, the pH value of the leachate sample is 8.0.
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Therefore, the losses of AN through volatilization are
possible. This process will cause the lost of amount of AN in
the system.

From the data obtained, the role of charcoal in removing
biological nitrogen in constructed wetland is less significant.
Hence, the removal of nitrogen in this system mainly due to
nitrification-denitrrification, plant uptake and media
adsorption.

Fig. 5 shows the average concentration of total reactive
phosphorus (TRP) in five trials for every sampling point
which was indicating a decreasing trend from R1 to R4. The
initial concentrations of TRP were in the range of 30-50
mg/L and after flowed through the reactors, the final
concentration was reduced to less than 10 mg/L. The result
obtained was in the agreement to results reported by Arda
Yalcuk [2]. The average percentage removal is shown in Fig.
6, where the higher removal caused by the presence of the
cattail plant and microorganisms which would uptake the
phosphorus [23], [24]. It was believed that plant litter,
providing additional organic material and thereby new sites
for phosphorus adsorption was responsible for a better mass
removal performance of the planted systems [25]. The
average percentage removal for five trials in R3 was higher
than R2 because the phosphorus was taken up by the cattail
plant and the phosphorus adsorption capacity increases as the
size of the gravel is smaller as compared to the size of the
granite in R2 [26]. In R4 which was filled with the sand and
charcoal and planted with cattail plant showed the highest
average percentage removal, 67.7 %. This is because sand is
a better media for a removal of phosphorus from the leachate
as compared to granite and gravel [27].
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Fig. 5 Average concentration of TRP at various sampling points.
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For soluble reactive phosphorus (SRP), the average
concentration and percentage removal at each of the

sampling point shows similar trend as for the TRP (Figs. 7, 8).

This indicated that with the presence of cattail plant which
would uptake the phosphorus by absorption process [23],
[24]. Microbial uptake of phosphorus had been claimed that
biotic processes have a considerable effect on the phosphorus
removal which was influenced by the bioavailable carbon
source in the sediment [28]. Results show that the availability
of adsorption sites due to smaller media sizes which provided
higher surface area that gave bigger capacity for the
phosphorus binding site [26].
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Fig. 7. Average concentration of SRP at various sampling points.

120

100 -

80 1

S OTrail 1
3 B Trail 2
g2 60 OTrail 3
S OTrail 4
S 40 W Trail 5

20

R1 R2 R3 R4
Reactors

Overall

Fig. 8 Percentage removal of SRP at various reactors and on overall.

IV. CONCLUSION

Combination of four reactors into a combined system

increased the hydraulic retention time and the overall
removal efficiency in the constructed wetland. Nitrification
coupled with denitrification is the main process occurs in
biological nitrogen removal. Besides, cattail plant plays a
very significant role in removing nitrogen in the system.
Aerobic and anaerobic condition located at different
sampling points in reactors greatly affects the efficiency
removal of nitrogen.

ACKNOWLEDGMENT

The authors would like to thank the School of Chemical
Sciences and Universiti Sains Malaysia for providing RU
research grant No. 1001/PAWAM/814021.

REFERENCES

[1] Kai Sormunen, Matti Ettala, Jukka Rintala. “Internal Leachate Quality
in a Municipal Solid Waste Landfill: Vertical, Horizontal and
Temporal Variation and Impacts of Leachate Recirculation,” Journal of
Hazardous Materials, 160, 2008, pp 601-607.

[2] Arda Yalcuk, Aysenur Ugurlu. “Comparison of Horizontal and
Vertical Constructed Wetland Systems for Landfill Leachate
Treatment,” Bioresource Technology, 100, 2009, pp 2521-2526.

[3] Dorota Kulikowska, Ewa Klimiuk. “The Effect of Landfill Age on
Municipal Leachate Composition,” Bioresource Technology, 99, 2008,
pp 5981-5985.

[4] Halil Hasar, Sezahat A. Unsal, Ubeyde Ipek, Serdar Karatas, Ozer
Cinar, Cevat Yaman, Cumali Kinaci. “Stripping/ Flocculation/
Membrane Bioreactor/ Reverse Osmosis Treatment of Municipal
Landfill Leachate,” Journal of Hazardous Materials, 171, 2009, pp
309-317.

[5] Tjasa G. Bulc. “Long Term Performance of A Constructed Wetland for
Landfill Leachate Treatment,” Ecological Engineering, 26, 2006, pp
365-374.

[6] Silviya Lavrova, Bogdana Koumanova. “Influence of Recirculation in
a Lab-Scale Vertical Flow Constructed Wetland on The Treatment
Efficiency of Landfill Leachate,” Bioresource Technology, 101, 2010,
pp 1756-1761.

[71 H. C. Tee, C.E. Seng, A. Md. Noor, P. E. Lim. “Performance
Comparison of Constructed Wetlands with Gravel- and Rice
Husk-based Media for Phenol and Nitrogen Removal,” Science of the
Total Environment, 407, 2009, pp 3563-3571.

[8] Gwenael Imfeld, Mareike Braeckevelt, Peter Kuschk, Hans H.
Richnow. ”Monitoring and Assessing Processes of Organic Chemicals
Removal in Constructed Wetlands,” Chemosphere, 74, 2009, pp
349-362.

[9] U. Stottmeister, A. WieBner, P. Kuschk, U. Kappelmeyer, M. Kastner,
0. Bederski, R. A. Muller, H. Moormann. “Effects of Plants and
Microorganisms in Constructed Wetlands for Wastewater Treatment,”
Biotechnology Advances, 22, 2003, pp 93-117.

[10] M. K. Mehmood, E. Adetutu, D. B. Nedwell, A. S. Ball. “In Situ
Microbial Treatment of Landfill Leachate using Aerated Lagoons,”
Bioresource Technology, 100, 2009, pp 2741-2744.

[11] Jan Vymazal. “Removal of Nutrients in Various Types of Constructed
Wetlands,” Science of the Total Environment, 380, 2007, pp 48-65.

[12] Zeqin Dong, Ticheng Sun. “A Potential New Process for Improving
Nitrogen Removal in Constructed Wetlands-Promoting Coexistence of
Partial-Nitrification and ANAMMOX,” Ecological Engineering, 31,
2007, pp 69-78.

[13] José Manuel Estela, Victor Cerda, “Flow analysis techniques for
phosphorus: an overview,” Talanta, 66 (2), 2005, pp 307-331.

[14] Fenxia Ye, Ying Li. “Enhancement of Nitrogen Removal in Towery
Hybrid Constructed Wetland to Treat Domestic Wastewater for small
Rural Communities,” Ecological Engineering, 35,2009, pp 1043-1050.

[15] J. L. Faulwetter, Vincent Gagnon, Carina Sundberg, Florent Chazarenc,
Mark D. Burr, Jacques Brisson, Anne K. Camper, Otto R. Stein,
“Microbial Processes Influencing Performance of Treatment
Wetlands,” Ecological Engineering, 35, 2009, pp 987-1004.

[16] Christos S. Akratos, Vassilius A. Tsihrintzis. ”Effect of Temperature,
HRT, Vegetation and Porous Media on Removal Efficiency of
Pilot-Scale Horizontal Subsurface Flow Constructed Wetlands,”
Ecological Engineering, 29, 2007, pp 173-191.

274



[17]

[18]

[19]

[20]

(21]

[22]

[23

—

[24]

[25]

[26

[}

[27]

International Journal of Chemical Engineering and Applications, Vol. 1, No. 3, October 2010

ISSN: 2010-0221

Jan Vymazal. “Horizontal Subsurface Flow and Hybrid Constructed
Wetlands Systems for Wastewater Treatment,” Ecological Engineering,
25,2005, pp 478-490.

Guangzhi Sun, Yaqian Zhao, Stephen Allen. “Enhanced Removal of
Organic Matter and Ammoniacal Nitrogen in a Column Experiment of
Tidal Flow Constructed Wetland System,” Journal of Biotechnology,
115, 2005, pp 189-197.

M. C. Morris, "The Effect of Substrate Particle Size, Depth and
Vegetated on Ammonia Removal in a Vertical Flow constructed
Wetland, In: Vymazal, J. (ed), Nutrient Cycling and Retention in
Natural and Constructed Wetlands, Backhuys Publishers, Leiden, The
Netherlands, 1999, pp 1-17

Keith R. Edwards, Hana Cizkova, Katerina Zemanova, Hana
Santruckova. ”Plant Growth and Microbial Processes in a Constructed
Wetland Planted with Phalaris Arundinacea,” Ecological Engineering,
27,2006, pp 153-165.

M. A. Maine, N. Sune, H. Hadad, G. Sanchez, C. Bonetto, “Influence
of Vegetation on The Removal of Heavy Metals and Nutrients in a
Constructed Wetlands,” Journal of Environmental Management, 90,
2009, pp 355-363.

Yanhua Wang, Jixiang Zhang, Hainan Kong, Yuhei Inamori, Kaigin
Xu, Ryuhei Inamari, Takashi Kondo, “A Simulation Model of Nitrogen
Transformation in Reed Constructed Wetlands,” Desalination, 235,
2009, pp 93-101.

Martin Maddison, Kaido Soosaar, Tonu Mauring, Ulo Mander, “The
biomass and nutrient and heavy metal content of cattails and reeds in
wastewater treatment wetlands for the production of construction
material,” Estonia Desalination, 246 (1-3), 2009, pp 120-128.

C.C. Tanner, J.P.S. Sukias, and M.P. Upsdell, “Substratum phosphorus
accumulation during maturation of gravel-bed constructed wetlands,”
Wat. Sci. Tech., 40(3), 1999, pp 147-154.

D.F. Xu, JM. Xu, J.J. Wu, and A. Muhammad, “Studies on the
phosphorus sorption capacity of substrates used in constructed wetland
systems,” Chemosphere,63 (3), 2006, pp 344-352.

Siti Kamariah, “Subsurface Flow and Free Water Surface Flow
Constructed Wetland with Magnetic Field for Leachate Treatment,”
Msc Thesis, UTM, 2006.

A.Khoshmanesh, B.T. Hart, A. Duncan, and R. Beckett, “Biotic uptake
and release of phosphorus by wetland sediment,” Env. Tech., 20, 1999,
pp 85-91.

275

(Y

IACSIT

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


