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Abstract. Photocatalysis, electrolysis and Fenton process are three important
advanced oxidation processes (AOPs) which produce hydroxyl radical in order to
degrade organic matter in wastewater within 4-6 hours under ambient conditions. A
photocatalysis, electrolysis and Fenton (photo-electro-Fenton) process hybrid
system has been carried out to treat the diluted palm oil mill effluent (POME) in
this study. An electrolytic cell was set up with a stainless steel anode and a platinum
wire cathode with the applied cell voltage of 1.5 V. The diluted POME was then
treated in the cell with the mixture of titanium oxide as the photocatalyst, sodium
sulfate solution as the electrolyte, hydrogen peroxide and iron sulfate as the Fenton
reagents. The effects on the duration, pH, concentration of TiO, and different light
conditions on the removal efficiency of the chemical oxygen demand (COD) of the
diluted POME were studied. The optimal conditions for the photo-electro-Fenton
hybrid system were found to be 4 hr contact time at pH 4 with 60 mg/L TiO, under
sunlight. With such conditions, the COD removal efficiency was able to achieve 97
%. On the other hand, the photo-electro-Fenton hybrid system gave the highest
COD removal efficiency, compared to the electro-Fenton hybrid system, Fenton
and photocatalyst, respectively.

Keywords: photo-electro-Fenton hybrid system; advanced oxidation process
(AOP); Fenton; palm oil mill effluent (POME).

INTRODUCTION

Advanced oxidation processes (AOPs) are defined as the processes that gen-
erate hydroxyl radicals ("OH) in sufficient quantities to degrade organic matter
and nutrients present in the wastewater effluents. Among the AOPs, photocat-
alysis, electrolysis and Fenton process, in particular, were widely studied and
used in various industries because of their low costs, ease of operation, highly
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efficient and rapid treatment."” In general, the principle of “OH formation in the
three AOPs are summarized in Eqs. (1)—(4).*”

Photocatalysis: TiO, — TiO, (€ gc + h'gy) (D)
h"+H,0 - *OH+H" )

where ¢ is electron and h” is hole.

Electrolysis: H,0 ->"OH+H +¢ 3)

Fenton process: Fe*" + H,0, — Fe’ + "OH + OH" 4)

Despite the ability of each of the AOP above to generate the "OH in their
own way, each of them produces “OH at different rates and it is subjected to
various inhibitions. For example, the Fe(Il) catalyst in Fenton process could form
Fe(OH); brown precipitate, which is no longer active in the catalytic cycle in
Fenton process. In the case of photocatalysis, the light source and its intensity are
important to activate the TiO, to produce hole in the reaction; whereas for elec-
trolysis, the electrolyte, redox potential and electrodes play vital roles in gener-
ating a sufficient amount of *OH.

Palm oil mill effluent (POME) has been classified as highly pollutant con-
taining wastewater due to its high amount of nutrient (i.e., ammoniacal nitrogen
=220 mg/L) and organic matter (i.e., COD value =50000 mg/L).®* Thus, POME
requires an extremely efficient treatment technology to ensure the effluent com-
plies with the discharge requirements set by the Department of Environment
(DoE), Malaysia. In 2017, we reported the hybridization of electrolysis and Fen-
ton process for the diluted POME treatment, and a maximum of 94 % of COD
removal efficiency was recorded in the previous study.’ It is worth to note that
the hybridization of electrolysis and Fenton process improved the COD removal
efficiency by 48 %, when compared to the Fenton process alone. Align to this
improvement, we extended the study to hybridize three AOPs, namely, photocat-
alysis, electrolysis and Fenton processes for the treatment of diluted POME with
the aim to further improve the treatment efficiency.

EXPERIMENTAL
Chemicals

All the chemicals such as hydrogen peroxide, titanium dioxide, sodium sulfate, iron(II)
sulfate and reagents for COD determination were purchased from either Sigma-Aldrich,
Merck or Acros, and used without further purification. Distilled water was used for dilution
purposes and COD reagents’ preparation.

Sampling of POME
The POME samples were obtained in Oct 2017 from the cooling pond of the Bau Palm

Oil Mill as previously described in Lim et al.’ The samples were then transported to Universiti
Malaysia Sarawak, Malaysia, and kept in a refrigerator at 4 °C.
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COD analysis

COD analysis was performed according to the Standard Method (5220B) APHA (1992).
The samples were analyzed under the same procedures as described in literature Lim et al.
also.”

Electrolysis with H,O,

An electrochemical cell with 500 mL capacity was set up for the electrolysis treatment.
A platinum wire electrode was used as the cathode while a stainless steel electrode was acted
as the anode. Both electrodes were immersed into 250 mL of the mixture solution containing
75 mL of 0.25 M Na,SO,, 75 mL of 35 % H,0,, 50 mL of 0.05 M Fe,SO,4 and 50 mL of
diluted POME solutions. A 1.5 V of DC voltage was applied to the cell. All the experiments
were conducted at room temperature (22+2 °C).

Optimization of photo-electro-Fenton for diluted POME degradation

Contact time. The experiments were performed on the reaction mixtures as aforemen-
tioned in Electrolysis with H,O,. The set up was placed under UV light (Ultraviolet A lamp,
Philips, 15 W, 315400 nm) as shown in Fig. 1. The experiments were conducted over 5 h
with sample withdrawal at 1 h interval for COD analysis. Each test was repeated three times.
The COD removal efficiency in % was calculated based on Eq. (5). The highest efficiency
represented the optimal condition of the test. Thus, the optimal conditions were used in the
subsequent experiments:

COD removal efficiency, % = 100(Initial COD-Final COD)/Initial COD ©)
% T
Batte‘ry 1.5V
30 cm|
Stainless steel Platinum wire
_Y_ spatula (anode) (cathode)

Mixture solutions of 75 mL
of 0.25 M Na,SOy, 75 mL of
35 % H,0,, 50 mL of 0.05
M FeSO,4 and 50 mL of
“ j diluted POME

Fig. 1. Set up of photo-electro-Fenton cell.

pH. The experiments were performed under the same conditions as described in the
Section of contact time, the optimal contact time used was same as found in the previous sect-
ion. In this experiment, the pH values of the cell were adjusted to pH 2, 4 and 6 by adding
either 0.1 M of H,SO, or 0.1 M of NaOH solution.

Light sources. The experiments were conducted under three different light sources
namely dark room, UV light and under sunlight by using the same conditions as described in
previous sections. However, the contact time and pH value were based on the optimal con-
ditions as found in the respective section before. The light intensity of UV light and sunlight
was recorded using lux meter (Sunche Digital Light Meter HS1010, 0-200,000 lux, China).
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The UV light intensity for the distance of 30 cm between light source and reaction flask was
about 50-55 lux.

Photocatalyst concentration. The concentration of photocatalyst (TiO,) added into the
cell were varied from 20, 40, 60 and 80 mg/L. The contact time, pH and light source were
based on the optimal conditions found in previous sections.

Comparison between Fenton, electro-Fenton, photocatalysis and photo-electro-Fenton
treatments

The experiments were conducted under the optimal conditions as found in previous opti-
mization sections. Four treatments namely Fenton, electro-Fenton, photocatalysis and photo-
-electro-Fenton were set up to treat diluted POME.

For Fenton reaction, 50 mL of 0.05 M FeSO, and 75 mL of 35 % H,O, solution were
added into 50 mL diluted POME. The contact time was 4 h at pH 4 without any voltage applied.

For electro-Fenton, 50 mL of 0.05 M FeSO,, 75 mL of 35 % H,O, solution and 75 mL of
0.25 M Na,SO, solution were added into 50 mL diluted POME. The contact time was 4 h at
pH 4 with 1.5 V applied.

In photocatalysis treatment, the experiment was conducted at pH 4 with the optimal light
source and the amount of TiO, found in the previous respective experiments.

For photo-electro-Fenton experiment, 50 mL of 0.05M FeSO, and 75 mL of 35 % H,0,
solutions were added into 50 mL of diluted POME with the optimal amount of TiO,, pH value
and the contact time of 4 h.

RESULTS AND DISCUSSION
Effect of contact time in treatment efficiency

Fig. 2 shows the result of the optimal contact time to the COD removal
efficiency in POME using photo-electro-Fenton system.
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Fig. 2. COD removal efficiency in different contact times.

The result showed that the highest efficiency at about 84 % was achieved at
the 4™ hour. The efficiency decreased slightly after the 1% hour, but gradually
increased from the 2™ to the 4™ hour. It decreased sharply at the 5™ hour. This
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result was in agreement with our previous finding,” whereby we also noticed that
the 4™ hour was the optimal contact time of electro-Fenton system. In general,
the longer the contact time, the higher is the efficiency, because of the greater
amount of "OH formation. However, the COD removal efficiency decreased to
55 % at 5™ hour due to the finishing of H,O, in the solution, thus, the "OH
generation at the 5™ hour was basically relied on the electrolysis and photolysis
processes. It is important to highlight that the amount of H,O, in the solution has
to remain in optimal concentration because the increase of H,O, amount in the
solution can result lower removal efficiency.’

PpH effect in treatment efficiency

pH value plays an important role in the organic matter degradation especially
for Fenton process. By using the optimal contact hour that we obtained in the
previous experiment, the effect of pH was studied under the conditions of 50 mL
of diluted POME, 75 mL of 0.25 M Na,SQOy, 75 mL of 35 % H,0,, 50 mL of 0.05
M FeSO, with DC voltage of 1.5 V under UV light radiation. The pH values
studied were pH 2, 4 and 6, and the results obtained are shown in Fig. 3.

90

85

%
S

COD Removal Efficiency, %
~
ol

~
IS}

65

60

0 1 2 3 4 5 6 7
pH

Fig. 3. COD removal efficiency at different pH.

The highest COD removal efficiency was achieved at pH 4 (i.e., 84.7 %),
whereas the COD removal efficiencies at pH 2 and 6 were at 79.5 and 69.9 %,
respectively. The Fenton process actually requires acidic condition to keep the
Fe*" catalyst actively produce *OH. In addition, Fe*" is often oxidized in high pH
conditions to produce iron(IIl) hydroxide, Fe(OH);, which is no longer active in
Fenton process.'® The COD removal efficiency decreased at pH 6 is likely to be
due to the radical scavenging activity by H' ion as shown in Eq. (6) and the
decomposition of H,0, to oxygen and water molecule in pH 6:'"'2

*OH+H +e¢ — H,0 (6)
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In a review by Gogate and Pandit,"” the optimal pH for photo-Fenton process
was in strong acidic condition, in which most studies used pH 2.5-3.5. Despite
the intrinsic rate of UV/H,0, was not much affected when pH value is low, the
effect of the radical scavengers could be the main reason for promoting the org-
anic matter degradation in low pH condition." In addition, Mota and co-workers
also found that the formation of electron—hole pairs in photocatalysis is more
favourable in acidic conditions (i.e., pH 3).* The group also mentioned that, for
pH values below 3, the presence of anions from the dissociation of sulfuric acid
could reduce the contact of organic matter on the surface of catalysts and this will
eventually reduce the degradation rate of organic matter.* Due to this reason, the
COD removal efficiency at pH 2 was lower than the one at pH 4.

Effect of light source

The effect of the light source was studied under UV light, sunlight and dark
room. By using the optimal contact time and pH value, the experiments were set
up under the same reaction mixture as aforementioned. The light intensity of the
sunlight was recorded in the range of 140-780 lux, and the COD removal
efficiencies in different light source are shown in Fig. 4.

100

COD Removal Efficiency, %

0

Dark UV light Sunlight
Light Sources

Fig. 4. COD removal efficiency under different light sources.

In general, the presence of light in photo-Fenton process assists the regener-
ation of Fe’" and "OH from hydroxo iron(Ill) ion, [Fe(OH)]*" (Eq. (7)). The
process is dominant in the acidic conditions at the wavelengths of 290 and 400 nm:

[Fe(OH)]*" + hv — Fe*"+ «OH (7)

In addition to that, Gogate and Pandit also highlighted that the oxalate ion
(C,0,%) which is present in organic matter rich wastewater can lead to the form-
ation of trioxalato iron(IIT) complex ion, [Fe(C,04);]* and subsequently give a
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higher yield of Fe(II) ion formation (Egs. (8) and (9)) than [Fe(OH)]*"."* Another
advantage of [Fe(C,04);]* is that it can absorb at a longer wavelength at 570 nm
which allows the treatment to be in sunlight and there the highest efficiency at 94
% 1in this study was recorded. This efficiency was about 10 % higher than the one
under UV radiation, and 30 % higher than the dark room treatment:

[Fe(C,04)s]" — Fe*™ +2C,0,7 + C,04™ 8)

C,0," + [Fe(C,04)3]" — Fe* +3C,0,% +2CO," )

Contrary to that, it has also been reported that UV radiation can make the

removal rate higher than the sunlight,” but another factor that could affect the

removal efficiency is the light intensity.'*'> The stronger the light intensity, the

higher is the removal efficiency. Due to this reason, the efficiency under sunlight

was the highest in this study because the sunlight intensity (i.e., 13900—78200
lux) was much stronger than UV light (i.e., 50-55 lux).

Effect of photocatalyst loading

In our previous electro-Fenton hybrid study, the COD removal efficiency
was not in direct proportional to the loadings of Fe*" catalyst and H,0,.” In fact,
many researches’ outcome was that the increase of TiO, loading in their photo-
catalytic degradation did not help to increase the degradation rate.'®'® Since the
loading of TiO; also plays an important role in the photocatalysis, the TiO, load-
ings at 20, 40, 60 and 80 mg/L were investigated and reported herein. It is worth
to note that the sunlight intensity was monitored throughout the study in order to
ensure the COD removal efficiency was kept constant with respect to light int-
ensity. The sunlight intensity throughout the study was in the range of 3000—
—99000 Iux and the result obtained is shown in Fig. 5.
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Fig. 5. COD removal efficiency in different TiO, concentration.
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The result showed that the loading of 60 mg/L TiO, was the optimal concen-
tration as the COD removal efficiency reached its maximum at 97 %. Similar to
the iron catalyst in the Fenton process, the increase of TiO, loading to 80 mg/L
did not show a better performance in the photo-electro-Fenton hybrid system but
rather decreased to 86 %. The high photocatalyst loading could lead to the light
scattering and low light penetration in the treatment system, which eventually
resulted in a lower treatment efficiency.'® >

Comparison between Fenton, electro-Fenton, photocatalysis and
photo-electro-Fenton treatments

Based on the optimal conditions of photo-electro-Fenton process, the other
three AOP systems namely Fenton process, electro-Fenton and photocatalysis
were used in the diluted POME treatment for the removal of COD. For Fenton
process, the experiment was performed in the presence of FeSO, and H,O,
without applying any voltage to the system, whereas for electro-Fenton hybrid
system, in addition to the Fenton reagents, a D.C. voltage of 1.5 V was also
applied to the system with the presence of Na,SO, as the electrolyte. For photo-
catalysis, the experiment was performed in the presence of TiO, under sunlight
radiation only.

The hybridized AOP systems apparently have higher COD removal effici-
ency than the individual AOP. As shown in Table I, the photocatalysis treatment
has the lowest efficiency (50 %), whereas the photo-electro-Fenton hybrid sys-
tem recorded the highest efficiency (97 %).

TABLE I. Comparison COD removal efficiencies under different AOP treatment systems; V' —
Vbiluted POME

Conditions

Treatment Creso,V,0, U Retention V Cawsos Crio,  Lighting Dfﬁ((:)/lency
M mL V time h p mL M mg/L source ’
Fenton 0.05 75 - 4 4 50 - - ambient 87
Photocatalysis — — — 4 4 50 - 60 uv 50
Electro-Fen- 0.05 75 1.5 4 4 50 0.25 - uv 90
ton
Photo-electro- 0.05 75 1.5 4 4 50 025 60 Sunlight 97
-Fenton

The lowest COD removal efficiency in photocatalysis treatment was due to
the source of *OH formation and was only depended on the hole (h") formation
when TiO, was being excited, which limited the organic matter degradation in
the system. Therefore, the advantage of hybridizing AOPs is enhancing the *OH
formation in the system from different AOPs, and importantly the reagents in
each AOP do not interfere with each other during the treatment process. As a
result, the degradation increased in the photo-electro-Fenton hybrid system due
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to the highest *OH production in the system. However, the photo-electro-Fenton
hybrid system did not display the synergetic effect to the organic matter deg-
radation, but merely a small linear increment compared to the Fenton process
alone (87 %).

CONCLUSION

Four parameters of the photo-electro-Fenton hybrid system have been stu-
died, namely the contact time, pH, the light source and the photocatalyst concen-
tration in this work. A maximum efficiency of 97 % has been achieved under the
optimal conditions of pH 4 with 60 mg/L TiO, for 4 h contact time under sunlight
radiation. Hybridizing AOPs has proven to have higher degradation ability as
compared to any AOP alone. However, no synergetic effect was observed when
the three AOPs were hybridized in this study.
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U3BOJ
[MTOBOJ/bITALE EOUKACHOCTH TPETMAHA PASPEBEHOI EQJIYEHTA U3 MJIMHOBA
3A TOBHUJAIBLE IMTAJIMHUHOT YJbA KOPUIIREKBEM ®OTO-EJIEKTPO-@EHTOH
XUBPUIHOT CUCTEMA

NORALISYA ALI', CHEE BENG YEOH? SENG LAU" # MENG GUAN TAY"

"Faculty of Resource Science and Technology, Universiti Malaysia Sarawak, 94300 Kota Samarahan,
Sarawak, Malaysia u *Malaysian Palm Oil Board, Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia

dotokaTanusa, enexTposnusa 1 PeHTOH Npolec Cy TP BaykHa HallpesiHa Ipolieca OKCuanyje
(AOPs) koja MpoM3BOfie XUAPOKCUIHM pajfvKal 3a pasrpafiy OPraHCKAX marepHja y OTNafHUM
BOZIaMa, TOKOM 4—6 cath y amdujeHTanIHUM ycnoBrMa. TOKOM OBe CTyauje u3BplIeHa je ¢doTo-
KaTanusa, enekrponusa U PeHToH (¢oTo-enexrpo-PeHTOH) MpoLec XMOPUIAHOT CUCTEMa 3a Tpe-
THpame pa3dnaxeHor edyeHTa MIMHOBA 3a JoOHjame naamMuHOT yiba (POME). EnexTponutiuka
henuja ca anomom on Hephajyher uenwka ¥ MIATHHCKOM JKHIIOM Kao KaTOLOM, Y3 NMPUMEHeHH
HaroH ofi 3 V. Paspehenn POME je 3atum TpetvpaH y henuju xopuctehu pacTBOp HaTpHjyM-
-cyndata kao enexkrponur, THTaH(IV)-okcup kao (poTokaTanusaTop, BONOHMK-TIEPOKCHL H
rBoxbe(11)-cyndar kao PenrtoH pearenc. McnutruBanu cy edekTH OyxuHe mpoleca, pH, KoHLeH-
tpauyje TiO2 ¥ Pas3IUUUTHX CBETJIOCHHX YC/IOBAa Ha e(UKACHOCT CMameha XEMHjCKe TTOTPOLLHE
kuceonuka (COD) paspehenor POME. YTBphenu cy onTMamHu yCIoBU 3a GOTO-eeKTpo-(heHTOH
XUOpUOHY CUCTeM: Oy)xuHa npoueca of 4 h, pH 4, cagpxaj TiOz 60 mg/L, nop CyHYEeBOM CBET-
nourthy. ITon TakBUM ycnoBuMa, edukacHocT cmamewa COD ycnena je ma pocrurHe 97 %. Ca
Ipyre ctpaHe, GoTo-enekTpo-PeHToH XxudpUnHu cuctem naje Hajsehy edukacHocT cMamewma COD
y nopehewy ca enekTpo-PeHTOH XubpumHUM cucTeMoM, PeHTOH U (POTOKATAIUTHYKUM IIPO-
LIECOM.

(ITpummeno 16. okrodpa, mpuxsaheno 29. HoBemdpa 2018)

REFERENCES

1. S. K. Kansal, M. Singh, D. Sud, J. Hazard. Mater. 141 (2007) 581
(https://doi.org/10.1016/j.jhazmat.2006.07.035)

Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



5 2 6 Alletal.

e

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

. G. Zayani, L. Bousselmi, F. Mhenni, A. Ghrabi, Desalination 246 (2009) 344
(https://doi.org/10.1016/j.desal.2008.03.059)

. M. Saquib, M. Muneer, Dyes Pigments 56 (2003) 37 (https://doi.org/10.1016/S0143-
7208(02)00101-8)

. A.L.N. Mota, L. F. Albuquerque, L. T. C. Beltrame, O. Chiavone-Filho, A. Jr.
Machulek, C. A. O. Nascimento, Brazilian J Pet. Gas 2 (2008) 122

. W. F. Khalik, L.-N. Ho, S.-A. Ong, C.-H. Voon, Y.-S. Wong, N. A. Yusoff, S.-L. Lee, S.
Y. Yusuf, Chemosphere 202 (2018) 467
(https://doi.org/10.1016/j.chemosphere.2018.03.113)

. Department of Environment (DOE), Industrial processes and the environment: Crude
palm oil industry, Department of Environment, Ministry of Natural Resource and
Environment, Malaysia, 1999

. S. K. Loh, M. E. Lai, N. Muzzammil, W. S. Lim, Y. M. Choo, Z. Zhang Z. J. Oil Palm
Res. 25 (2013) 273.

. Y. S. Madaki, S. Lau Int. J. Sci. Environ. Tech. 2 (2013) 1138.

. C.H.Lim, J. J. Ang, S. Lau, M. G. Tay, Water Environ. J. 31 (2017) 578

(https://doi.org/10.1111/wej.12281)

L. Loannou, T. Velegraki, C. Michael, D. Mantzavinos, D. Fatta-Kassinos, Photochem.

Photobiol. Sci. 12 (2013) 664 (http://dx.doi.org/10.1039/C2PP25192B)

M. 1. Badawy, M. Y. Ghaly, T. A. Gad-Allah, Desalination 194 (2006) 166

(https://doi.org/10.1016/j.desal.2005.09.027)

A. S. Stasinakis Global NEST J. 10 (2008) 376 (https://doi.org/10.30955/gnj.000598)

P. R. Gogate, A. B. Pandit, Adv. Environ. Res. 8 (2004) 553

(https://doi.org/10.1016/S1093-0191(03)00031-5)

F. Herrera, J. Kiwi, A. Lopez, V. Nadtochenko, Environ. Sci. Tech. 33 (1991) 3145

(https://doi.org/10.1021/es980995)

R. F. P. Nogueira, J. R. Guimaraes, Water Res. 34 (2000) 895

(https://doi.org/10.1016/S0043-1354(99)00193-1)

F. Méndez-Arriaga, S. Esplugas, J. Giménez, Water Res. 42 (2008) 585

(https://doi.org/10.1016/j.watres.2007.08.002)

M. N. Abellan, J. Giménez, S. Esplugas, Catal. Today 144 (2009) 131

(https://doi.org/10.1016/j.cattod.2009.01.051)

A. L. Giraldo, G. A. Pefiuela, R. A. Torres-Palma, N. J. Pino, R. A. Palominos, H. D.

Mansilla, Water Res. 44 (2010) 5158 (https://doi.org/10.1016/j.watres.2010.05.011)

U. L. Gaya, A. H. Abdullah, J. Photochem. Photobiol., C: Photochem. Rev. 9 (2008) 1

(https://doi.org/10.1016/i.jphotochemrev.2007.12.003)

J. M. Herrmann, Top. Catal. 34 (2005) 49 (http://doi.org/10.1007/s11244-005-3788-2).

Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




