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Abstract The United States Marine Shrimp Farming

Program (USMSFP) introduced a new technology for

shrimp farming called recirculating raceway system. This

is a zero-water exchange system capable of producing

high-density shrimp yields. However, this system produces

wastewater characterized by high levels of ammonia,

nitrite, and nitrate due to 40% protein diet for the shrimp at

a high density of 1,000 shrimp per square meter. The high

concentrations of nitrate and nitrite (greater than 25 ppm)

are toxic to shrimp and cause high mortality. So treatment

of this wastewater is imperative in order to make shrimp

farming viable. One simple method of treating high-nitrogen

wastewater is the use of a sequencing batch reactor (SBR).

An SBR is a variation of the activated sludge process,

which accomplishes many treatment events in a single

reactor. Removal of ammonia and nitrate involved nitrifi-

cation and denitrification reactions by operating the SBR

aerobically and anaerobically in sequence. Initial SBR

operation successfully removed ammonia, but nitrate con-

centrations were too high because of carbon limitation in

the shrimp production wastewater. An optimization study

revealed the optimum carbon to nitrogen (C:N) ratio of

10:1 for successful removal of all nitrogen species from the

wastewater. The SBR operated with a C:N ratio of 10:1

with the addition of molasses as carbon source successfully

removed 99% of ammonia, nitrate, and nitrite from the

shrimp aquaculture wastewater within 9 days of operation.

Keywords Nitrification � Denitrification � Biofilter �
Sequencing batch reactor � Shrimp wastewater

Introduction

Aquaculture is the farming of aquatic organisms including

fish, mollusks, crustaceans, and aquatic plants and it con-

stitutes the fastest growing global farming system in the

world with an annual increase in production of over 9% per

year since 1985 [9–11]. The aquaculture industry produces

a substantial amount of the fish and shellfish consumed

around the globe by using ponds and raceways far from the

seas and oceans. The consistent increase in global aqua-

culture production is staggering and this increase in pro-

duction is being driven by consumers’ increasing global

demand for seafood [9, 10]. To meet global seafood

demands, improvements in sustainability, biosecurity, and

environmental impacts must be incorporated into existing

and future aquaculture practices [6, 25].

Shrimp aquaculture production is of particular interest

because it represents one of the primary global seafood

exports for human consumption [9]. Shrimp aquaculture

processes can be highly concentrated to maximize pro-

duction and yield, and these concentrated processes can

produce poor water quality because of the shear density of

shrimp of greater than 1,000 shrimp per square meter (m2)

in the system and also because of the nutrient character-

istics of the feed used in the aquaculture operations.
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Conventional systems are effective in treating intensive

aquaculture process waters [7, 30]; however, the systems

can be costly to operate and require the solids that are

produced as a component of the conventional treatment

processes to be disposed of offsite [7].

The solids typically collected as ‘‘backwash or ‘‘filter

cake’’ from an aquaculture facility’s biological filters can

contain high concentrations of organic carbon and ammo-

nia-nitrogen and NaCl [3]. This backwash can be expen-

sive for aquaculture operators to transport and dispose

of according to Clean Water Act (CWA) requirements.

Process water and NaCl can be lost through backwash

processes and solids containing high levels of NaCl must

be disposed of in a manner that will not allow high con-

centrations of NaCl to accumulate in soil, which can limit

the use of land farming as a means of disposal. These

considerations can increase the cost of conventional treat-

ment. Because many inland aquaculture operations must

purchase process water and NaCl to culture marine species,

conventional wastewater treatment can increase production

costs if losses of process water and NaCl are substantial.

An onsite biological wastewater treatment solution to

reduce the carbon and nitrogen concentration of filter

backwash from aquaculture operations to acceptable

effluent discharge levels may provide a cost-effective

alternative to offsite transport and disposal of backwash

solids commonly referred to as ‘‘sludge’’. This would allow

operators to simultaneously reduce facility operation costs

while preventing nutrient loading of receiving waters near

an aquaculture facility. This would also reduce the total

volume of solids from biological wastewater treatment

processes being disposed of in non-hazardous sanitary

landfills.

The sequencing batch reactor activated sludge (SBR)

process was proposed as a potential solution to reduce the

nutrient concentration of filter backwash sludge at aqua-

culture facilities. The selection of a particular treatment

process is based on many considerations, including opera-

tional objectives, wastewater characteristics, effluent qual-

ity, and operating costs. The SBR process is novel because

unlike conventional activated sludge processes that use

multiple tanks or vessels to achieve the environmental

requirements to perform continuous treatment of waste-

water [1, 14, 22, 31], the SBR process uses a single reactor

vessel that is ‘‘sequenced’’ through a series of stages that

alter the environment of the reactor [15, 22]. SBRs can be

operated to perform aeration, carbon oxidation, clarifica-

tion, nitrification, denitrification, and settling in the same

vessel [22]. Most SBR treatment processes follow the

common sequence of fill, react, settle, draw, and idle [20,

22]. The operation of the SBR can be modified, based on the

characteristics of the influent stream, to achieve the desired

effluent concentrations [3, 22].

Previous work conducted by Boopathy et al. [3] modeled

the microbial kinetics of nitrification, and denitrification to

determine operational and environmental variables required

to treat aquaculture sludge using suspended growth acti-

vated sludge processes. One of the problems in the opera-

tion of SBR is the carbon limitation in the system to

complete the denitrification process. If enough carbon is not

available, an incomplete denitrification occurs resulting in

high nitrate and nitrite concentration in the shrimp waste-

water [23]. The purpose of this research was to optimize

C:N ratio for successful removal of nitrate in the shrimp

waste using SBR.

Materials and methods

Shrimp waste

Solids (sludge) that accumulates on the industrial biologi-

cal bead filters (biofilters) that filter water from the recir-

culating shrimp aquaculture raceways at the Waddell

Mariculture Center (WMC), S. Carolina, is periodically

backwashed from the filters and stored in a settling tank

at the facility. This sludge was collected in 3-L plastic

containers, stored, and shipped at 4�C to Nicholls State

University for experimentation. The characteristics of the

sludge are given in Table 1. The sludge contained high

concentration of ammonia, nitrite, and nitrate. The sludge

also had high bacterial load of 10-10/ml total heterotrophic

bacteria. Bacteria in the sludge include Nitrosomonas,

Nitrobacter, and Pseudomonas spp. [5], and this sludge

provided microorganisms for nitrification and denitrifica-

tion reactions in the SBR.

Initial SBR operation

The SBR was made of Plexiglass with 4-L working volume.

The reactor was equipped with an aeration port, controller,

mixing device, feeding, and decanting system. The reactor

received 4-L of shrimp sludge at the beginning of the

experiment. The reactors were aerated by using air stones,

Table 1 Characteristics of the shrimp wastewater

Parameter Concentration

Organic carbon (mg/l) 793 ± 36

Ammonia (mg/l) 103.7 ± 6.1

Nitrate (mg/l) 168.3 ± 1.4

Nitrite (mg/l) 176 ± 22.7

Salinity (ppt) 28.6 ± 0.4

pH 8.1 ± 0.1

Average of 4 analyses
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and the wastewater was mixed during aerobic operation at a

rate of 100 rpm using a stirring motor. Aeration and mixing

were turned off for the system to run anaerobically. The

reactors were operated aerobically and anaerobically in

sequence (Fig. 1) and these modes of operation depend on

ammonia or nitrate concentration in the sludge. During the

aerobic phase, ammonia in the shrimp sludge is converted to

nitrate by nitrifying bacteria, and during the anaerobic stage

denitrification is accomplished where all the nitrates are

converted to nitrogen gas by denitrifying bacteria. Triplicate

reactors were operated and the data presented in the results

section are the average of these three reactors. The experi-

ment was run twice to see the reproducibility of the system.

The reactor was operated at ambient temperature (22�C).

C:N ratio study

To study the effect of the carbon to nitrogen ratio on the

operation of the SBR in treating sludge collected from the

WMC, a laboratory study was conducted in a smaller scale

using laboratory flasks. Thus, 500 ml of sludge was placed

in 1-L flasks that served as the SBR vessels. Air stones,

plastic tubing, and a small air pump were used for aeration

and mixing. The reactors were configured with four dif-

ferent C:N ratios of 10:1, 20:1, 30:1, and 40:1 through the

addition of molasses to add carbon or ammonium salts to

add nitrogen. The reactors were operated at room temper-

ature (22�C). Three reactors per C:N ratio treatment

(N = 3) were used. The reactors were sequenced based on

initial work of Boopathy et al. [3] in the following manner:

aerobic 3 days, followed by 6 days of anaerobic phase.

Operation of SBR with optimum C:N ratio

After the C:N ratio optimization study as explained above,

the optimum C:N ratio for successful removal of nitrogen

was found to be 10:1. A triplicate batch of SBR was run

very similarly to earlier SBR runs except this time the

initial C:N ratio of the shrimp sludge was adjusted to 10:1

with the addition of molasses and ammonium salt. Samples

were periodically taken for the analysis of ammonia,

nitrate, and nitrite. The SBR was operated in triplicate.

Analyses

Samples were periodically taken from the SBR and C:N

ratio experimental flasks for various analyses. Nitrate,

nitrite, ammonia, and organic carbon were analyzed by

colorimetric methods as per standard methods [16]. The pH

was measured by using a pH probe (model UB 10, Denver

Instruments, Boulder, CO). The salinity, temperature, and

dissolved oxygen concentration were measured by using a

YSI multi-meter (YSI, Inc., Yellow Spring, Ohio: 45387

USA, Model No. 85-10 FT; SN 02E0656). Statistical

analysis of data was done by using SAS [28].

Results and discussion

Performance of initial SBR

The shrimp sludge used in this study contained high con-

centration of ammonia, nitrate, and nitrite (Table 1). The

performance of SBR in removing nitrogen in the shrimp

sludge was studied. During the aerobic phase of the reactor

operation all the ammonia is converted to nitrate and there

was 98% removal of ammonia within the first week of

reactor operation (data not shown). However, the concen-

tration of nitrite and nitrate remained high for 2 weeks

during the anaerobic phase of SBR (Fig. 2). On day 28 of

the experiment, additional carbon was added to all reactors

in the form of molasses (1% v/v). After the addition of

molasses, both nitrite and nitrate levels dropped signifi-

cantly within 38 days in both runs of SBR. This study

showed carbon limitation in the system and this lack of

carbon did not support denitrifying bacteria to convert all

the nitrate and nitrite to nitrogen gas and as a result partial

denitrification occurred in the system.

C:N ratio study

The small-scale C:N ratio experiment showed the optimum

C:N ratio for maximum removal of nitrogen in the shrimp

sludge. Table 2 shows the results from this study. Among

the various C:N ratio studied, maximum removal of

ammonia (100%), nitrite (91%), and nitrate (99%) was

observed with a C:N ratio of 10:1 followed by 5:1, 20:1,

and 30:1. This result showed that the C:N ratio of 10:1 is

better than higher C:N ratios. By simply doubling the C:N

ratio from 5:1 to 10:1 via the addition of an inexpensive

molasses the performance of SBR could be improved

significantly. Previous literature suggests a C:N ratio of

20:1 and 30:1 for various wastewater treatments such as

Fill React Settle Decant Idle

Aerobic Anaerobic Aerobic

Time

Fig. 1 Schematic of sequencing batch reactor (SBR)

J Ind Microbiol Biotechnol (2010) 37:1105–1110 1107

123



poultry waste, cow manure, and coffee waste [2, 8, 29].

Successful shrimp aquaculture requires maintenance of

water quality conducive for the growth of shrimp. Common

water quality concerns for shrimp aquaculture include

suspended solids, organic carbon, dissolved oxygen (DO),

and nitrogen [4, 7, 13, 26, 27]. Low-water exchange

aquatic animal culture systems rely on technological

filtration systems to biologically and mechanically treat

wastewater to reduce carbon and nitrogen [7, 30]. A major

drawback with this type of system is the accumulation of

sludge, which must be concentrated, collected, and then

physically removed from the aquaculture facility [7, 30].

The present study showed that the nitrogen in the shrimp

sludge could be removed by using SBR and the optimum

C:N ratio for successful operation is 10:1.

SBR operated with 10:1 C:N ratio

The C:N ratio study demonstrated the optimum C:N ratio

of 10:1 and to prove that use of this ratio will successfully

remove nitrate and nitrite from the shrimp sludge, an

experiment was conduced with a 4-L SBR and the initial

C:N ratio was adjusted to 10:1 as described in the

‘‘Materials and methods’’ section. The results indicated

successful removal (greater than 99%) of all three nitrogen

species in the shrimp sludge within 9 days of reactor

operation (Fig. 3). Biological treatment of organic waste

using activated sludge is a proven technology used in

municipal sewage treatment facilities. Conventional

anaerobic treatment processes have been used to reduce the

organic carbon concentration of liquid, but these processes

have not been successful in reducing both carbon and

nitrogen at a reasonable cost. However, the sequencing

batch reactor (SBR) minimizes the capital costs by incor-

porating both aerobic and anaerobic processes in a single

reactor [21].

The successful operation of the reactor showed that the

wastewater contained the nitrifying and denitrifying organ-

isms such as Nitrosomonas, Nitrobacter, and Pseudomonas

spp., to carry out the metabolism of nitrogen in the waste-

water. There was no need to add specific microbes for the

metabolism of carbon and nitrogen as these were present in

the shrimp wastewater and these microorganisms were not

affected by the change of conditions from aerobic to anoxic

modes of operation and vice versa.

We believe that backwash from biological filters cur-

rently used in shrimp aquaculture can be directed to the
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Fig. 2 Mean (±SD; n = 3) of nitrite and nitrate-N for trial 1

(squares) and trial 2 (circles) for each day of the experiment. The

solid lines represent times the SBR was operated aerobically and the

dashed lines represent when the SBR was operated anaerobically. On

day 28 molasses (1% v/v) was added to increase the carbon in the

SBR. Error bar indicates standard deviation with three replications

Table 2 Mean (±SD; N = 3)

initial concentration (mg/l),

final concentration, and percent

reduction of nitrate-N, nitrite-N,

and total ammonia-N of shrimp

sludge treated with a sequencing

batch reactor for different C:N

ratios

Final concentrations within

variable groups that share a

common letter are not

significantly different

(a = 0.05)

Parameter C:N ratio Initial concentration Final concentration % Reduction

Ammonia-N 5:1 69 ± 3 0 ± 1B 100

10:1 69 ± 3 0 ± 1B 100

20:1 69 ± 3 11 ± 3A 84

30:1 69 ± 3 13 ± 5A 81

Nitrate-N 5:1 128 ± 3 43 ± 4C 66

10:1 128 ± 3 1 ± 1D 99

20:1 128 ± 3 66 ± 14B 48

30:1 128 ± 3 91 ± 6A 29

Nitrite-N 5:1 105 ± 49 64 ± 3B 39

10:1 105 ± 49 9 ± 15C 91

20:1 105 ± 49 56 ± 8B 47

30:1 105 ± 49 105 ± 6A 0
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SBR. The SBR will then digest the carbon and nitrogen

associated with the backwash. Once the carbon and nitro-

gen are digested, water can be decanted from the SBR and

returned to the culture system, so water loss will be neg-

ligible. The reactor design is simple and very easy to

operate. The SBR system has been successfully used for

various wastewaters including slaughterhouse wastewater,

swine manure, dairy wastewater, and sewage [12, 21, 22,

24, 32]. In the literature, it is shown that the wastewater

problem in shrimp aquaculture is addressed by activated

sludge process, foam fractions, use of filter systems, and

sludge management [17–19]. These systems are costly and

expensive to operate. The SBR system is very simple in

design and this process uses multiple steps in the same tank

to take the place of multiple tanks in a conventional

treatment system.

In this study, it has been shown that the SBR could be used

to treat shrimp wastewater produced from intensive shrimp

raceway production system. The operation mode is simple

which includes aerobic process for first 3 days and anaerobic

process for 6 days to remove 99% of nitrogen in the shrimp

sludge. The sludge contained heterogenic populations of

bacteria to carry out nitrification and denitrifiation reactions

as well as carbon metabolism. The nitrifying organisms

dominated the system during the aerobic operation of the

reactor. This was evidenced by the data on removal of

ammonia in the sludge (Fig. 3). The denitrifying organisms

dominated the system during the anoxic operation of SBR.

This was supported by the fact that the levels of nitrite and

nitrate dropped significantly under the anaerobic phase and

eventually reached less than 1 mg/l (Fig. 3). Similar results

were demonstrated earlier by Boopathy et al. [4] in an SBR

treating low-salinity shrimp aquaculture wastewater. At the

end of the operation the sludge can be dewatered and

the water can be recycled back into shrimp production. The

application of SBR technology to intensive shrimp produc-

tion is an attractive alternative to various methods currently

used in shrimp aquaculture. The only concern was initial low

C:N ratio in the sludge and this can be easily overcome by

adjusting the C:N ratio to the optimum level 10:1 by adding

low concentration (1%) of molasses as demonstrated in this

study. Molasses is an inexpensive carbon source, which

makes the treatment process more economical.

Acknowledgments This work was funded by a grant from the US

Department of Agriculture’s National Institute of Food and Agricul-

ture (NIFA) to United States Marine Shrimp Farming Program

(USMSFP). We thank Dr. John Leffler for providing the wastewater

for the study.

References

1. Artan N, Wilderer P, Ohon D, Morgenroth E, Ozgur N (2001)

The mechanism and design of sequencing batch reactor systems

for nutrient removal. Water Sci Technol 43:53–60

2. Boopathy R, Mariappan M (1984) Environmental factors affect-

ing methane production. Bioenergy Renews 1:29–32

3. Boopathy R, Fontenot Q, Kilgen M (2005) Biological treatment

of sludge from a recirculating aquaculture system using a

sequencing batch reactor. J World Aquac Soc 36:542–545

4. Boopathy R, Bonvillain C, Fontenot Q, Kilgen M (2007) Bio-

logical treatment of low-salinity shrimp aquaculture wastewater

using sequencing batch reactor. Int Biodeterior Biodegradation

59:16–19

5. Boopathy R (2009) Biological treatment of shrimp production

wastewater. J Ind Microbiol Biotechnol 36:989–992

6. Boyd CE, Massaut L, Weiddig LJ (1998) Towards reducing

environmental impacts of pond aquaculture. INFOFISH Int

2:27–33

7. Chen S, Summerfelt S, Losordo T, Malone R (2002) Recircu-

lating systems, effluents, and treatments. In: Tomasso JR (ed)

Aquaculture and the Environment in the United States, US

Aquaculture Society, a chapter of the World Aquaculture Society,

Baton Rouge, LA, pp 119–140

8. DeRenzo DJ (1977) Energy from bioconversion of waste mate-

rials. Noyes Data, NJ, pp 178–191

9. Diana J (2009) Aquaculture production and biodiversity conser-

vation. Bioscience 59:27–38

10. FAO (2005) State of world aquaculture. FAO fisheries technical

paper, No. 476. FAO, Rome, 78 pp

11. FAO (2007) State of world aquaculture. FAO fisheries technical

paper. No. 500. FAO, Rome, 134 pp

12. Fernandes L, McKyes E, Warith M, Barrington S (1991) Treat-

ment of liquid swine manure in the sequencing batch reactor under

aerobic and anaerobic conditions. Can Agric Eng 33:373–379

13. Fontenot Q, Bonvillain C, Kilgen M, Boopathy R (2007) Effects

of temperature, salinity, and carbon: nitrogen ratio on sequencing

batch reactor treating shrimp aquaculture wastewater. Bioresour

Technol 98:1700–1703

14. Glass C, Silverstein J (1999) Denitrification of high-nitrate. Wat

Resour 33:223–229

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5 6 7 8 9

Time (days)

NO2

NH3

NO3

C
o

n
ce

n
tr

at
io

n
 (

m
g

/L
)

Fig. 3 The concentration of ammonia, nitrate, and nitrite in the

laboratory-scale SBR operated with C:N ratio of 10:1. The results are

average with SD for three reactors. Reactors were operated aerobically

for the first 3 days followed by anaerobic operation for 6 days

J Ind Microbiol Biotechnol (2010) 37:1105–1110 1109

123



15. Grady C, Daigger G, Lim H (1999) Biological treatment of

wastewater. Marcel Dekker, NY, pp 134–156

16. Hach (1999) Hach DR/2000 spectrophotometer handbook. Hach,

Loveland, pp 350–390

17. Holloway M (2002) Blue revolution. Discover 23:56–63

18. Hopkins JS (1994) An apparatus for continuous removal of

sludge and foam fractions in intensive shrimp ponds. Prog Fish

Cult 56:135–139

19. Hopkins JS, Sandifer PA, DeVoe MR, Holland AF, Browdy CL,

Stokes AD (1995) Environmental impacts of shrimp farming with

special reference to the situation in the continental United States.

Estuaries 18:25–42

20. Irwine RL, Busch AW (1979) Sequencing batch biological

reactors—an overview. J Water Pollut Control Fed 51:235–243

21. Irwine RL, Ketchum LH (1989) Sequencing batch reactors for

biological wastewater treatment. CRC Crit Rev Environ Control

18:255–294

22. Lo KV, Liao PH, Van Kleeck RJ (1991) A full scale sequencing

batch reactor treatment of dilute swine wastewater. Can Agric

Eng 33:193–195

23. Lyles C, Boopathy R, Fontenot Q, Kilgen M (2008) Biological

treatment of shrimp aquaculture wastewater using a sequencing

batch reactor. Appl Biochem Biotech 151:474–479

24. Masse DI, Masse L (2000) Treatment of slaughterhouse waste-

water in anaerobic sequencing batch reactors. Can Agric Eng

42:131–137

25. Moss S (2002) Marine shrimp farming in the western hemisphere:

past problems, present solutions, and future visions. Rev Fisheries

Sci 10:601–620

26. Paez-Osuna F (2001) The environmental impact of shrimp aqua-

culture: causes, effects, and mitigating alternatives. Environ

Manage 28:131–140

27. Sansanayuth P, Phadungchep A, Ngammontha S, Ngdngam S,

Sukasem P, Hoshino H, Ttabucanon MS (1996) Shrimp pond

effluent: pollution problems and treatment by constructed

wetlands. Water Sci Technol 11:93–98

28. SAS (2003) Version 9.1. SAS Institute, Cary

29. Sathianathan MA (1975) Biogas achievements and challenges.

Association of voluntary agencies for rural development,

New Delhi, pp 4–42

30. Timmons MB, Summerfelt ST, Vinci BJ (1998) Review of cir-

cular tank technology and management. Aquac Eng 18:51–69

31. Villaverde S, Garcia PA, Lacalle ML, Polanco F (2000) New

operational strategy for SBR technology for total nitrogen removal

from industrial wastewaters highly loaded with nitrogen. Water Sci

Technol 41:85–93

32. Willers HC, Tenhave PJW, Derikx PJL, Arts MW (1993)

Temperature-dependency of nitrification and required anoxic

volume for denitrification in the biological treatment of veal calf

manure. Bioresour Technol 43:47–52

1110 J Ind Microbiol Biotechnol (2010) 37:1105–1110

123


	Effect of carbon to nitrogen (C:N) ratio on nitrogen removal from shrimp production waste water using sequencing batch reactor
	Abstract
	Introduction
	Materials and methods
	Shrimp waste
	Initial SBR operation
	C:N ratio study
	Operation of SBR with optimum C:N ratio
	Analyses

	Results and discussion
	Performance of initial SBR
	C:N ratio study
	SBR operated with 10:1 C:N ratio

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


