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The objectives of this study were to investigate effectiveness of the Compressed Air Jet (CAJ) System for cleaning
up shorelines contaminated with crude oils and to examine effects of the system on total petroleum hydrocarbon
(TPH) removal and microbial community changes before and after remediation of the oil-contaminated shorelines.
These data will lead to better understanding of optimized remediation process. About 66% of TPH reduction was
observed when the contaminated site was treated with the CAJ System 2, 3, 4, and 5 times. This treatment system
was more efficient than the seawater pumping system under similar treatment conditions (by 40%). By the way, little
0il degrader communities were observed despite a potential function of the air jet system to stimulate aerobic oil
degraders. The apparent low population density of the oil degraders might be as a result of low concentration of TPH
as a carbon source and limiting nutrients such as nitrogen and phosphorus. It was proposed that the CAJ System
would contribute significantly to removal of residual oils on the shorelines in combination with addition of these
limiting nutrients.
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The industrial development accompanied by population
increase caused rapid consumption of oils. As a result, history
observed many oil spill accidents at various levels. In 2007 one
of the worst oil spill accidents in Korea happened due to a
broken oil tanker, Hebey Spirit, off Taeahn coast, being
recorded as one of the biggest international oil spill accidents.
Oil spilled in the marine environment typically causes both
immediate and long-term environmental damage (Bejarano and
Michel, 2010). Once oil is spilled by broken tankers, pipelines or
offshore oil rigs, it usually drifts into the shorelines and massively
contaminates them and then goes through physicochemical and
biological dispersion or degradation (Seo and Song, 1994; Koh
et al., 1998). While low molecular weight and volatile compounds
are dissipated, the residual oil (usually Bunker C oil and
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asphaltenes, etc.) then can sorb to mudflat, sand, gravel or rock,
where they become more difficult to be removed. The oil sorbents
and chemical surfactants for oil washing and dispersion have
been used to clean up oil spills on the shorelines but they are
costly and causing toxicities in the ecosystem (Seo and Song,
1994). Various bioremediation technologies have been effectively
used to circumvent these problems (Altas, 1981; Altas and Bartha,
1992; Zhang and Miller, 1994; De Acevedo and McInnerney,
1996; Choi et al., 1997; Roenberg and Ron, 1997; Sprocati et al.,
2012) but these are rather time consuming and selective. Several
factors which affect the rate at which indigenous or bioaugmented
microbes function in affected sites have been discussed
(Fernadndez-Luqueiio et al., 2011). In this study an alternative
clean up system has been developed to meet a rapid removal of
high contaminated oil from various substrates such as sediments,
gravels, and rocks as well as to provide air to the polluted
environment. The Compressed Air-Jet (CAJ) System developed
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Table 1. Experimental conditions for a field demonstration of the remediation by the Compressed Air Jet (CAJ) System

Parameter Experimental conditions

Date 8:00 am, Oct. 28,2010
Temperature Air 8C; water 10°C; soil 12°C
Test site: Taeahn, Choongnam, Korea

Equipments tested and running conditions
Test runs and time taken
Test area

Soil sample collection

High pressure water pump (flow rate: 80 m’/h)(as a control)
Air jet system with compressor (3-5 MPa/kgf/cm?)

5 runs; 30 min per each run

High pressure pump: 250 m” (5 mx5 m)
Air jet system: 300 m” (5 mx6 m)

Collected after each run (1 kg)

by JH Green, Inc. (Korea) can easily reach, separate and remove
spilled oils clinging to rock and grain of sand. The CAJ System
generates high pressure bubbles and makes the air bubbles
collide one another in aqueous environment to form micro air
bubbles ultimately used to effectively separate contaminated
materials from the sorbed phase. The micro air bubbles float
the precipitated oils, and floated oils can be easily removed by
absorbing cloths. The CAJ System is economical, eco-friendly
remediation technology, and could be effective for the
subsequent bioremediation compared to conventional methods.
The objectives of this study were to investigate effectiveness of
the CAJ System for cleaning up shorelines contaminated with
crude oils and to examine effects of the system on total
petroleum hydrocarbon (TPH) removal and microbial community

patterns in oil-contaminated shorelines.

Materials and Methods

On-site test of the CAJ System

A field demonstration of the remediation was accomplished
under the experimental conditions shown in Table 1. The
remediation process using the CAJ System generally followed
the procedure described below: geological analysis; determination
of oil spill area; set-up of oil boom and fence; piling up of
gravels and sands; treatment of contaminated soil and sediment

using the CAJ System in the presence of flowing tide; removal
of floated oils using sorbents; ground leveling. The CAJ
System (Fig. 1) is used to generate air bubbles including micro
air bubbles which can float spilled oil in the sediment or on the
solid surface. Air bubbles could float precipitated oils along
with water and sediments (soils). Some volatile gases and
non-volatile compounds appeared to be separated and the
floated oils were able to be easily removed by absorbing cloths.
Air bubbles could float the precipitated oils along with water
and sediments (soils) (Fig. 2A and 2B). The CAJ System would
make the subsequent bioremediation more effective as long as
limiting nutrients and other environmental conditions are met.

Soil sampling

Sediment soils for the total petroleum hydrocarbon (TPH)
and microbial community analysis were taken following the
protocol (ES 07130) from the Official Standard Methods for
Contaminated Soils (Ministry of Environment, 2009).

Analysis of TPH

TPH analysis was performed based on the protocol (Item 18)
from the Official Standard Methods for Contaminated Soils
(Ministry of Environment, 2009). The instrument used was
GC-FID: Model, QP-5000 (Shimadzu, Japan) with HP-5 capillary
column (50 m x 0.2 mm X 0.33 pm) and analytical conditions

(B)

Fig. 1. Various types of compressed air-jet system (A) and operation of the bar type air jet system in water (B).
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Fig. 2. Clean up of field precipitated oils in the sediments (A) and on the rock surfaces by the air jet system (B) and in the sediments by water

pumping (C).

were: temperature gradient 2 min at 80°C, temperature increase
8°C/min, and 10min at final temperature (320°C); temperatures
at inlet and detector were 300°C and 320°C, respectively;
nitrogen gas as a carrier gas; sample injection 1 pl.

Microbial community analysis

Total DNA extraction was made using Fast DNA extraction
Kit (Biol01, USA) and PCR-DGGE was conducted for the
microbial community analysis following the previous report
(Ekpeghere et al., 2009).

Results and Discussion

Clean—up of the contaminated shorelines using the
CAJ System

In the on-site demonstration test, after treating the site with
the CAJ System once, TPH was reduced by 26% compared to
that before the treatment (control: bt) (Fig. 3). About 66% of
TPH reduction was observed when the contaminated site was
treated with the CAJ System 2, 3, 4, and 5 times (a-2, a-3, a-4,
and a-5). After treating the site with the CAJ System 2 times,
no further decrease of TPH was observed, indicating the TPH
removal from the site was quite effective. In case of seawater
pumping, however, reduction of TPH was observed about 60%

after treating the site once and twice, and the reduction of TPH
was about 40% and 25% after treating the site 3 times and 4
times, respectively. This indicates that in the seawater
pumping, removal of sorbed oil was not complete resulting in
sorbed oil release at more than 2 times of seawater washing.
Overall, the seawater pumping showed less oil removal
efficiency compared to the CAJ System.

400
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Fig. 3. Effects of the air jet and pumping treatments on TPH removal
in a demonstrated site; bt, before treatment (control); a-1, 2, 3, 4 and
5, air jet system treatment; p-1, 2, 3, 4 and 5, water pumping system;
all data were the average value of duplicate samplings .
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Fig. 4. Effects of the air jet treatment on TPH removal in the field
sites (Haenyeomaeul: pumping as control); all data were the average
value of triplicate samplings.

Treatments with the CAJ System were also examined in
other contaminated field sites (Cheonripo down, Cheonripo mix,
and Guryepo) with Haenyeomaeul as a control (Water pumping).
After the treatment, the concentrations of TPH were about 14%
lower in Cheonripo down and Guryepo than Haenyeomaeul
(control) but the levels of TPH in Cheonripo-mix were about
7% higher that the control. This indicates TPH treatment
effects might be variable depending on the treated sites (Fig. 4).
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Fig. 5. PCR-DGGE based microbial community analysis of mudflat
(demonstration site) after remediation using the CAJ System and
water pumping system. Lanes: M, marker; 1, 2, 3, 4 and 5, a-1, a-2,
a-3, a4 and a-5; 6, 7, 8, 9 and 10, p-1, p-2, p-3, p-4 and p-5; 11,
before treatment; 12, 7 days after air jet treatment; 13, 7 days after
water pumping treatment.

Microbial community analysis of the treated sites
(demonstration and other field sites)

Microbial community analysis based on PCR-DGGE of the
mudflats (demonstration sites) after remediation was shown in
Fig. 5. The community identification analysis results were
shown in Table 2. Although most of these microbial communities
have not been identified as oil degraders, most of them have
been confirmed to be of sea and sediment origin. Even though
the air jet system was supposed to stimulate oil degraders, the
identified communities appeared to include little oil degraders.
This may indicate that there were oil degrader populations with
relatively low density if any. The low density might be due to
the low concentration of TPH as a carbon source and limiting
nutrients (nitrogen and phosphorus, etc.) and other limiting
factors (temperature, etc.). The microbial community profiles
of all samples including control (before treatment) appeared to
be quite similar except bands 15 and 16 which were uniquely
present in the control. The gradual community change was
observed over a week period as bands 17 and 18 were unique in
the air jet treatment and the bands 19, 20, 21, and 22 in the
pumping treatment. The fate of these communities will be
contingent upon environmental conditions ahead in the sites (e.g.,
available sources of substrates such as C, N, and P, and
competing microbial communities and grazers). Epsilon
proteobacterium (bands 1, 2, 3, and 14) was dominant species
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Fig. 6. PCR-DGGE based microbial community analysis of mudflat
(field sites) after remediation using the CAJ System; Lanes: 1, 2,
Cheonripo down; 3, 4, Cheonripo mix; 5, 6, Guryepo; and 7, 8,
Haenyumaeul (pumping as control); all samples were run in duplicate.
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Table 2. Identification of microbial communities based on sequence analysis of 16S DNA amplified from DNA fragments derived from
PCR-DGGE (Fig. 5)

Band  Accession Description Source Identity
No. No. P Y (%)
1 AY280396 Uncultured epsilon proteobacterium clone CH-B30  Active Deep-Sea Vent Chimney Juan de Fuca Ridge, 95
16S ribosomal RNA Pacific Ocean
Uncultured epsilon proteobacterium clone . .

2 DQI112521 KorMud-V8C120 16S Intertidal mudflat sediment Ganghwa Island, Korea 99
Uncultured epsilon proteobacterium clone . .

3 DQI112521 KorMud-V8C120 16S Intertidal mudflat sediment Ganghwa Island, Korea 99
Uncultured bacterium partial 16S rRNA, clone Cold-water coral, Lophelia pertusa, S. C Neulinger,

4 AMO11409 D05_CWO03_full Norway %

5 HM368279 A.lpha proteobacterium HA-mar-IsI8-14 168 Estuarine and marine bacteria, Wadden Sea, German 99
ribosomal RNA gene

6 GQ143753 Uncultured bacterium clone 069C79 16S ribosomal Yellow Sea continental shelf sediment 99
RNA gene

7 EU652622 Uncultured bacterium clone D8S-50 16S ribosomal ~ Yellow Sea sediment, 08
RNA gene Korea

3 HM366476 Uncultured bacterium clone ADB-16 16S ribosomal ~ Urban aerosols 99
RNA gene Seoul, Korea

9 AB530225 Uncultured bacterium gene for 16S rRNA Marine sediment, Tokyo Bay 99

10 NR_025817 Erythmbader seohaensis strain SW-135 165 Yellow sea continental shelf sediment 99

- ribosomal RNA

11 AY161043  Brevibacillus sp. PLC-3 16S ribosomal RNA gene Brevibacillus sp. PLC-3 97

12 DQ341414 fg’:ﬁzdomonas sp. Antarctic IS02 16S ribosomal RNA Antarctic ice and snow 99
Uncultured epsilon proteobacterium clone PI 4t12b  Plum Island Sound Estuary, northeastern

14 AY580419 16S ribosomal RNA gene gene Massachusetts 100

15 AB441527 Uncultured bacterium gene for 16S rRNA, partial Solid waste compost, 99
sequence, clone; CC35 Japan

16 ABS530205 Uncultured bacterium gene for 16S rRNA, partial Marine sediment, Tokyo Bay 08
sequence
Uncultured bacterium clone C53 16S ribosomal RNA Sediment of cold hypersaline (15% salt) sulfidic

17 DQ521175 . . . 98
gene, partial sequence spring, Arctic

18 AB441527 Uncultured bacterium gene for 16S rRNA, partial Solid waste compost, Japan 100
sequence, clone; CC35

19 AY580419 Uncultured epsilon proteobacterium clone PI 4t12b  Coastal bacterioplankton sample of Plum Island 100
16S ribosomal RNA gene Sound Estuary, northeastern Massachusetts
Uncultured bacterium clone

20 GU553835 ORI-860-27-P_W_27WBO08 16S ribosomal RNA Methane seep of YungAn ridge, SW Taiwan 100
gene, partial sequence

21 U85879 PSyChrOb%Cter glacincola ICP9 168 ribosomal RNA Psychrophilic bacteria in Antarctic sea ice 100
gene, partial sequence

22 AMO040115 Uncultured delta proteobacterium Sandy intertidal sediments in the North Sea, 100

Sylt-Romo Basin, Wadden Sea

almost for all the samples that was widely observed in the
ocean and terrestrial environments (Campbell et al., 2006).

In the other on-site tests, the levels of TPH after treating
with the CAJ System were not generally much lower than the
control (water pumping treatment) (Fig. 4). Microbial community
changes were also monitored using PCR-DGGE depending on
the different field site treatments. Dominant species in

Cheonripo down and Cheonripo mix after treating with the CAJ
System were different from dominant species in the control
(seawater pumping; Haenyeomaeul). Even in sites treated with
the same CAJ System, different microbial communities were
shown. Most of these microorganisms were identified as
marine bacteria originated from the marine environment

(seawater or marine sediment) while the densities of the oil
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Table 3. Identification of microbial communities based on sequence analysis of 16S DNA amplified from DNA fragments derived from

PCR-DGGE (Fig. 6)

Band  Accession Descrintion Source Identity
No. No. P (%)
1 AY711463 Uncu.ltured Chromatiales bacterium clone SIMO-2097 Dean creek marsh sediment, Sapelo Island, USA 98
16S ribosomal RNA

2 EU0s0805 Lneultured gamma proteobacterium clone ediment from the Kings Bay, Svalbard 98
SS1 B 04 19 168 ribosomal sediment fro g8 Bay, 5v
Uncultured bacterium isolate . .

3 AY 568822 JH10_C70 168 ribosomal RNA Intertidal mudflate sediment, Ganhwa, Korea 99

4 F1227884 Uncultured bacterium clone marine sediment California, Elkhorn Slough, South 95
ESSMO071205_802H3AOB 16S ribosomal RNA Marsh.

5 HM437482 Uncultured marine bacterium clone B-Algl4 163 Surface of senescence algea, Jiaozhou Bay, China 99
ribosomal RNA
Uncultured epsilon proteobacterium . .

6 DQ112521 clone KorMud-V8C120 16S Intertidal mudflate sediment, Ganhwa, Korea 99

7 FJ717246 anultured bacterium clone G6_10.4_2 163 Marine sediment from Cullercoats, UK 98
ribosomal RNA gene

8 AY 771946 Uncultm‘ed delta proteobacterium clone SK11 165 Marine surface sediment; Waden, Germany 99
ribosomal RNA gene
Uncultured bacterium clone . . .

9 EU287287 S11-104 168 ribosomal RNA gene Artic surface sediment pacific ocean 98

10 GQ143753 Uneultured candidate division TM6 bacterium clone Yellow sea continental shelf sediment 90
JIB103 16S
Uncultured bacterium gene for . .

11 AB530235 16S rRNA, partial sequence Marine sediment, Tokyo Bay, Japan 97

12 AJ557849  Marine arctic deep-sea bacterium HG1 30 m above sediment surface, arctic current from 99

North Pole

13 DQ357036 Lokt.anella sp. K0-28-006 16S ribosomal RNA gene, Deep sea sediment core DMO5-2907, Okinawa, 99
partial sequence Japan

14 AY592607 Uncultured bacterium clone Napoli-1B-52 16S Napoli mud volcano; isolated from sediment layer 99
ribosomal RNA gene

15 HMO030990 Marine ba.cterlum KS-9-10-4 16S ribosomal RNA Marine bacterium Ruditpes philinarum isolated from 99
gene, partial South Korea

16 GQ245896 Marmobactermm rhizophilum strain UDC307 16S Sea water, Dokdo, South Korea 99
ribosomal RNA gene

17 AM998269 Uncultured deep-sea bacteriumpartial 16S rRNA gene, Deep-sea surface sediments, Guinea Basin, Atlantic 99
clone Ocean

18 Fle4e73  Uneultured bacterium clone OrigSedB32 168 Methane seep sediment. Eel River Basin, CA,USA 97
ribosomal RNA gene

19 GU475276 Uncultured bacterium clone DSH1B28 16S ribosomal Cold seep sediment, south China sea 97
RNA gene

20 FJ175562 ;:nc:hured bacterium clone B3-8 168 ribosomal RNA Hydrocarbon seep sediment in Timor Sea, Asyralis 99

21 GQ263399 Uncultured bacterium clone FW1_b8316S ribosomal Simulated low level waste site Idaho National Labs, 97

RNA gene

USA

degraders seemed to be relatively low. Therefore, distribution
of the microbial communities under the current condition
having relatively very low oil contamination (less than 160 ppm
of TPH) was attributed to differences in environmental
characteristics rather than the oil treatment measures.

The conclusions were drawn as follows: The compressed air

jet technology appeared to be highly effective to remove TPH

from soil matrices contaminated with crude oil. The air jet
system showed different microbial communities from the
conventional water pumping treatment system. However, oil
degraders were not observed mainly because of lower amount
of oil as a carbon source and depleted nutrients (particularly N
and P) in the environment. Mechanisms associated with the

removal of oil or contaminants using the air jet system need to



be elucidated in the future study. It would be possible to apply
the air jet system to removal of other pollutants as one of the
economical and eco-friendly remediation technologies.
e

2 AT Fie GST7IRANEEH S o5t A= &
Z0] & sitS Aokl oA 1 Fetaedyt 43 A5
FX-5Etsle=4(total petroleum hydrocarbon; TPH) &= % 0]
AEAHsE BEdo =N I H7 HoagE olsshr] 9
g 712ARE Q1A sk Aolth YFTIIAEA LTS 2-5
3] 9548 A 29X 2] TPH7} oF 66% 714 Ato] & Wi
=7 S-S HBE Apole 40% H=o Adar v
ol Ht}. 4=E719 AL - PCR-DGGE] &J3t n| =+
4 Ao A e fRasiu e 23S gelol HA] ¥t
ol A3te] of7t W2 TPH 5=(2F 100 mg/kg <&, Tra9),
Aol WAl AeHAel Aa E Q1 w2 7]olgt A
O = debEnh webA Fol o] fRE dAIEA LTS AE
Al A dFEF(EE L A PHEFET PG 52 F
oA ¢ A9 S AA7L 7hed Ao s Almd. &%
H7led 1Y /7 % ISR o9d o o2
2 EFE Y] aa2o|a SF s Q] Foto] o] E A
Z7|H€

Acknowledgements

This work is an outcome of the Manpower Development
Program for Marine Energy by the Ministry of Oceans and
Fisheries, and Korea Maritime and Ocean University’s Research
Initiation Support Program for New Faculty Members.

References

Altas, RM. 1981. Microbial degradation of petroleum hydrocarbons:
an environmental perspective. Microbiol. Rev. 45, 180-209.

Clean-up of oil spilled shorelines using the compressed air jet system 359

Altas, R.M. and Bartha, R. 1992. Hydrocarbon biodegradation and oil
spill bioremediation. Adv. Microb. Ecol. 12, 287-338.

Bejarano, A.C. and Michel, J. 2010. Large-scale risk assessment of
polycyclic aromatic hydrocarbons in shoreline sediments from
Saudi Arabia: Environmental legacy after twelve years of the Gulf
war oil spill. Environ. Pollut. 158, 1561-1569.

Campbell, B.J., Engel, A.S., Porter, M.L., and Takai, K. 2006. The
versatile € -proteobacteria: key players in sulphidic habitats. Nat.
Rev. Microbiol. 4, 458—468.

Choi, K.S., Kim, S.H., Jeong, Y.K., Jang, K.L., and Lee, T.H. 1997.
Production of biosurfactant by Tsukamurella sp. 26A. Kor. J.
Microbiol. 33, 187-192.

De Acevedo, G.T. and McInnemey, M.J. 1996. Emulsifying activity in
themophilic and extremely thermophlic microorganisms. J. Inst.
Microbiol. 16, 1-7.

Ekpeghere, K.I., Bae, H.J., Kwon, S.H., Kim, B.H., Park, D.Ja, and Koh,
S.C. 2009. Clean-up of the crude oil contaminated marine sediments
through biocarrier-mediated bioaugmentation. Kor. J. Microbiol.
45, 354-361.

Femandez-Luqueiio, F., Valenzuela-Encinas, C., Marsch, R., Martinez-
Sudrez, C., Vazquez-Nuiiez, E., and Dendooven, L. 2011. Microbial
communities to mitigate contamination of PAHs in soild
possibilities and challenges: a review. Environ. Sci. Pollut. Res. 18,
12-30.

Koh, S.H., Lee, H.K., and Lee, S.J. 1998. Effect of hydrocarbon uptake
modes on oil degradation rate by mixed cultures of petroleum
degraders. KSBB J. 13, 606—-614.

Ministry of Environment, Government of Republic of Korea. 2009.
Official standard methods for contaminated soils.

Roenberg, E. and Ron, E.Z. 1997. Bioemulsans: microbial polymeric
emulsifiers. Curr. Opin. Biotechnol. 8, 313-316.

Seo, E.Y. and Song, H.K. 1994. Effects of diesel oil on the population
and activity of soil microbial community. Kor. J. Microbiol. 32, 163—
171.

Sprocati, A.R., Alisi, C., Tasso, F., Marconi, P., Sciullo, A., Pinto, V.,
Chiavarini, S., Ubaldi, C., and Cremisini, C. 2012. Effectiveness of
a microbial formula, as a bioaugmentation agent, tailored for
bioremediation of diesel oil and heavy metal co-contaminated soil.
Proc. Biochem. 47, 1649-1655.

Zhang, Y. and Miller, R.M. 1994. Effect of a Pseudomonas rhamnolipid
biosurfactant on cell hydrophobicity and biodegradation of
octadecane. Appl. Environ. Microbiol. 60, 2101-2106.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




