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Abstract Prediction of respirable suspended particulate
matter impacts of diesel generator sets used for pumping
station has been made using meteorological data, infor-
mation on stack characteristics and emission rate, baseline
ambient particulate matter and Industrial Source Complex
Short Term (ISCST-3) model. It is observed that particulate
matter emission from pumping station-S workplace diesel
generator sets ranged from 2.4 to 436.5 mg Nm > and
while at pumping station-C, it ranged from 23.2 to
186.5 mgNm ™. The predicted and ambient respirable
suspended particulate matter concentrations are below the
national air quality standard for respirable suspended par-
ticulate matter in a mixed industrial area. Metals contents
in respirable suspended particulate matter indicate the
origin of crustal and mobile sources. Therefore, the impact
of diesel generator sets used for pumping of crude oil on
local air quality would be acceptable.
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In recent years the shortage of power coupled with unre-
liable and poor quality of the power supply has resulted in a
proliferation of captive generator sets, run with diesel,
petrol or kerosene, as an alternate source of power. This is
happening, particularly, in urban areas where the need is
greater. Diesel engines move a large portion of the world’s
goods, power much of the world’s equipment, and generate
electricity more economically than any other device in
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their size range (Lloyd and Thomas 2001). Despite its
many advantages; the diesel engine is inherently dirty.
Particulate matter (PM) emissions from diesel combustion
contribute to urban and regional hazes. Nitrogen oxides
(NO,) and hydrocarbons (HCs) are precursors for O3 and
PM. Some components of HC and PM emissions have been
identified as toxic substances with the potential for adverse
health effects. Diesel is produced from a fossil fuel and
engines using it as fuel produce air pollution and high
sulfur levels. Diesel fuel also creates a distinct smell and
exposure to diesel engine exhaust can also lead to health
hazards. Particulate matter in diesel exhaust is primarily
composed of carbonaceous material (Shah et al. 2004;
Schauer et al. 1999) containing different mixtures of ele-
mental and organic carbon, which vary according to engine
operating conditions (Lough et al. 2007). Elemental carbon
(EC) is often used as a marker for particulate diesel exhaust
in the atmosphere (Schauer 2003). Diesel engines produce
submicron soot particles that are believed to mediate sev-
eral of the observed adverse effects. It has been estimated
that the particulate emission from diesel engines per trav-
elled distance is over 10 times higher than the emission
from petrol engines (Zweidinger et al. 1990).

It is well established that high levels of ambient par-
ticulate matter (PM) are significantly associated with
adverse health effects, ecosystem damage and degraded
visibility (Goswami et al. 2002). The concentrations of
heavy metals in the atmospheric particulate matter have
been widely determined and studied (Wang et al. 2001; Ye
et al. 2003; Ho et al. 2003; Xie et al. 2006; Deng et al.
2006; Li et al. 2008). A particular fraction of the particulate
matter (PM) which is known to exert toxic effects is metals,
such as Fe, Zn, and Cu which may release free radicals in
lung fluid via the Fenton reaction, and are hypothesized to
cause cellular inflammation (Birmili et al. 2006). Heavy
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metals are present in the atmosphere in ever increasing
levels as a result of anthropogenic and natural emissions
(Suzuki 2006). Frequently, anthropogenic emissions cause
the levels of metal in suspended particles to be well above
natural background levels (Finlayson-Pitts and Pitts 2000;
Quiterio et al. 2004). Present study was undertaken for
monitoring the air quality with respect to respirable sus-
pended particulate matter (RSPM) in and around work-
place of pumping station at Western Region, transports
crude oil/petroleum to and from refineries across India
through a network of pipelines and uses high capacity
diesel engine pumps. Present study focused on assessment
of impact of high capacity diesel engine pumps activities
on ambient air quality with respect to particulate matter
along with associate trace metals and GLC prediction of
particulate matter.

Materials and Methods

Air quality monitoring with respect to respirable suspended
particulate matter (RSPM) was carried out continuously for
6 days in summer season using standard procedures at two
pumping station namely at pumping station-C and at
pumping station-S to establish the existing air quality status
from operations of booster pump. Respirable dust samplers
were used for measurement of particulates matter (Katz
1977). Samples for RSPM was collected on glass fiber filter
paper used to determine the toxic metals which includes
copper (Cu), iron (Fe), lead (Pb), manganese (Mn), and
nickel (Ni) by Inductively coupled plasma optical emission
spectrometry, (ICP-OES), model-optima 4100 DV, Perkin
Elmer. Meteorological data collected on wind speed, wind
direction, mixing height and stability class is used for
prediction exercise. Stack emission studies were carried out
as per standard methods (Brenchley et al. 1974). Particulate
matter was determined by gravimetric methods. Modeling
exercise was carried out for prediction of ground level
concentration (GLC) influence by PM emissions released
from pipeline work station using air pollution dispersion
model. Number of Gaussian dispersion models is available
to predict the GLC (U.S.E.P.A. 1987). One of such model,
Industrial Source Complex Short Term (ISCST-3) model
was used for the prediction of 24-hourly average GLCs of
air pollutant around the pipeline station.

Quality assurance/Quality control (QA/QC) protocol is
undertaken for precise measurement of particulate matter
by calibrating the air flow measurement device using top
load calibrator prior to sampling and air flow is corrected at
standard temperature and pressure. Blank test background
contamination was monitored by using operational blanks
(unexposed filter) which were processed simultaneously
with field samples. Blanks were cleaned and prepared with
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the same procedures applied to the actual samples. Con-
centration of particulate matter was determined by gravi-
metrically using calibrated balance (Mettler AE 163).
Analysis of trace metals were carried out using ICP-OES.
High quality glass wares were preferred, throughout the
sampling, digression and analysis steps, to prevent any
metal contamination. The filter paper were digested with
concentrated nitric acid (Merck) in Teflon vessel in a
microwave digestion chamber (ETHOS make-milestone,
Italy). The sample was digested for 20 min and then fil-
tered through Whatman 42 filters into properly cleaned
volumetric flask. Samples are analyzed by spiking with a
known amount of metals to calculate recovery efficiencies.
The analysis procedure for the recovery test is the same as
that described for the field samples. The recovery tests of
trace metals were 106.5%, 98.0%, 94.5%, 98.0%, and
93.0% for Fe, Pb, Ni, Mn and Cu, respectively. The range
of recovery efficiency varies between 93% and 106% and
the relative standard deviation is smaller than 5.23%. The
reproducibility test indicates the stability of the instru-
ments. Analysis of metals of the same concentration stan-
dard solution is repeated for many times. The standard
solution of 0.5 ppm was repeated and reproducibility of
results indicates that 96.61%, 99.40%, 97.24%, 98.62%,
94.4%, for Fe, Pb, Ni, Mn and Cu, respectively was
observed. The reproducibility varied between 94.4% and
99.61%, and the mean relative standard deviation is 1.9%.

Results and Discussion

Meteorological parameters play very crucial role in trans-
port and dispersion of pollutants in the atmosphere.
Therefore, micrometeorology data with respect to wind
speed and direction during the study period was collected
from Indian Meteorological Department (IMD). The pre-
dominant wind directions (blowing from) were S: 12% and
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was found to be 303 pg/m> at C-2 location and minimum
42 pg/m? at C-4 location. Air quality status with respect to
RSPM is also carried out around another pumping station-S
and summary has been presented in Fig. 2b.

The average concentration of RSPM ranged from 106 to
176 pg/m’, respectively. The maximum RSPM concen-
tration at pumping station-S was found to be 236 pg/m? at
S-2 location and minimum 42 pg/m’® at S-1 location.
Comparison of RSPM data of past 5 year along with latest
present study was presented in Fig. 3. In pursue of figure
indicate the concentration of RSPM increases in sub-
sequent year.

Profile of metals at sampling location in pumping sta-
tion-S and pumping station-C anlysis are shown in Figs. 4
and 5. The levels indicate that metals were marginally
significant. It is experienced that the toxic metals, which
are oftenly, associated with particulate matter even at low
level causes more serious health problems. At pumping
station-C location, Fe concentrations were higher at C-2
site.

Fe ranged from 3.82 to 1.47 pg/m>. Cu were higher at
C-4 site, Cu ranged from 0.16 to 0.06 pg/m’, Mn ranged
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Fig. 3 Comparison with present and past status of respirable
suspended particulate matter

Fig. 4 Trace metals concentration in various location at pumping
station-C
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Fig. 5 Trace metals concentration in various location at pumping
station-S

from 0.070 to 0.0016 pg/m®, and Ni 0.10-0.0011 pg/m?,
Pb were ranged from 0.12 to 0.0016 pg/m>. Ni and Pb were
insignificant because there is no combustion activities. Fe
concentration was found to be higher at S-1 site around
pumping station-S.

Fe concentration ranged from 5.31 to 1.17 pg/m>. The
Cu concentration ranged from 0.6 to 0.056 pg/m® and Mn
concentration was ranged from 0.08 to 0.004 pg/m’. Ni
was very low 0.010 pg/m’® and Pb varied from 0.03 to
0.0015 pg/m>. Ni and Pb were ND in S-3 site. Fe and Mn
are generally from the crustal origin. Cu comes from the
vehicular activities. The levels indicate that metals were
marginally significant. It is experienced that the toxic
metals, which are oftenly, associated with particulate
matter even at low level causes more serious health prob-
lems. The Fe concentration was found to be higher at S-1
site around pumping station-S. Fe concentration ranged
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Table 1 Stack emission

characteristic of the diesel Location Stack St{iCk
generator set at pumping height (m)
station-C and pumping station-S Pumping MP1 04
station- S pp2 0.4
FFE1 0.1
FFE2 0.1
DG A1 0.15
DG B1 0.15
Pumping MPI 6.6
station- C  \qp2 6.9
MP3 6.4
MP4 8.6
MP6 5
FFE1 5
FFE2 49
FFE3 -
DG1 3.6
DG2 -

Stack Exit gas Exit gas Particulate matter
diameter (m) velocity (m/s) temperature (K) emission (mg Nm™%)
7.3 19 621 109

5.7 18.6 589 98

23 23.7 719 85

6.7 56.5 606 -

- 20 489 115

3.7 20.3 481 -

0.4 25.7 680 105

0.4 20.2 695 102

0.4 16.5 585 106

0.4 27.9 667 100

0.4 31 705 109

0.25 242 753 110

0.25 32.5 776 60

0.25 31.9 747 70

0.2 29.1 726 120

0.2 29 719 102

from 5.31to 1.17 ug/m3. The Cu concentration ranged from
0.6 to 0.056 pg/m®> and Mn concentration was ranged
from 0.08 to 0.004 pg/m>. Ni was very low 0.010 pg/m?
and Pb varied from 0.03 to 0.0015 pg/m>. Ni and Pb were
ND in S-3 site. At pumping station-C, Fe concentrations
were higher at C-2 site. Fe ranged from 3.82 to 1.47 pg/m”.
Cu were higher at C-4 site, Cu ranged from 0.16 to
0.06 pg/m>, Mn ranged from 0.070 to 0.0016 pg/m>, and
Ni 0.10-0.0011 pg/m®, Pb were ranged from 0.12 to
0.0016 pg/m>. Ni and Pb were insignificant because there
is no combustion activities. Fe and Mn are generally from
the crustal origin. Cu comes from the vehicular activities.

The details of stacks characterization at pumping sta-
tion-S and for pumping station-C is given in Table 1. The
profile of the stack emission characteristic reveals that the
flue gas velocity in diesel generator (DG) set at pumping
station-S varied from 18.6 to 56.5m s~ ' and flue gas
temperature ranged from 481 to 719 K. At pumping sta-
tion-C, the average values of flue gas velocity and tem-
perature were 16.5 to 32.5 m s~! and 585 to 776 K,
respectively. Stack emission studies for PM were carried
out in selected area of workplace at pumping station-C and
pumping station-S. PM concentration from pumping sta-
tion-S workplace DG sets station chimney ranged from 85
to 115 mg Nm™ and while at pumping station-C, con-
centration ranged from 60 to 120 mg Nm > which were
below the emission standards for particulate matter pro-
mulgated by regulatory authority.

As regards to PM concentration, comparison of model
result and monitored values shows that predictions were
found fairly well in all the stations. However, monitored
RSPM values were found higher than the predicted values.

@ Springer

This may be due to contribution of PM from unaccountable
sources like fugitive dust around the activities and road
dust in the study area. The prediction exercise was also
carried out to evaluate the impacts of DG sets at two dif-
ferent locations. The results indicate that the impact around
DG sets is minimum at both activities. Isopleths of pre-
dicted GLCs of PM for both locations are presented in
Figs. 6 and 7.

The elevated level of ambient RSPM was observed at all
sampling location which may be due to resuspended road
dust contributed by movement of vehicles on unpaved
road. Metals include Fe, Cu and Mn which are crustal
originate attribute in significant concentrations. To arrest
the PM pollution in the study area, green belt development
around the road side and pumping sites are suggested.
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Fig. 6 Isopleths of predicted particulate matter concentration (jg/m®)
at pumping station-S



Bull Environ Contam Toxicol (2010) 85:437-441

441

.09
—1 |

140.00 \\
120.00

E
c
9
-— N
3 N % T
= ? N3
o et AT——
< ~
= S / e & )
o) ® S S IS
£ 100.00 g ( ¥ k\ e q

. (=]
t o 0N
2 3 \a % E?é
A AN S e T
S 80.00 g 15— —045—]
B % N — —
o \ B \\\\‘0 13— —g.13——043—]
g 60.00 2 o ————
s \ '5\ T e —on I ——— ]
©
a 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

Distance along East-West direction (m)

Fig. 7 Isopleths of predicted particulate matter concentration (ug/m>)
pumping station-C

Acknowledgments We thank Dr. T. Chakrabarti, Acting Director,
NEERI, Nagpur for encouragement and permission to publish the
paper. We deeply acknowledge to Dr. D. Majumdar and Mr. A. G.
Gavane, Scientist for providing their support and co-operation
extended in data generation during study.

References

Birmili W, Allen AG, Bary F, Harrison RM (2006) Trace metal
concentrations of water solubility in size-fractionated atmo-
spheric particles and influence of road traffic. Environ Sci Tech
40:1144-1153

Brenchley et al (1974) Industrial source sampling. Ann Arbor Science
Publishers, Inc., Michigan

Deng W1J, Louie PKK, Liu WK, Bi XH, Fu JM, Wong MH (2006)
Atmospheric levels and cytotoxicity of PAHs and heavy metals
in TSP and PM,s at an electronic waste recycling site in
southeast China. Atmos Environ 40:6945-6955

Finlayson-Pitts BJ, Pitts JN Jr (2000) Chemistry of the upper and
lower atmosphere: theory, experiments and applications, 1st edn.
Academic Press, San Diego

Goswami E, Larson T, Lumley T, Liu LJS (2002) Spatial character-
istics of fine particulate matter identifying representative mon-
itoring locations in Seattle, Washington. J Air Waste Manag
Assoc 52:324-333

Ho KF, Lee SC, Chak KC, Yu JC, Chow JC, Yao XH (2003)
Characterization of chemical species in PM, 5 and PM; aerosols
in Hong Kong. Atmos Environ 37:31-39

Katz M (1977) Air quality sampling and methodology, 2nd edn.
APHA Press, Spring Field

Li J, Zhuang G, Huang K, Liu Y, Xu C, Yu S (2008) Characteristics
and sources of air-borne particulate in Urumgqi, China, the
upstream area of Asia dust. Atmos Environ 42:776-787

Lloyd AC, Thomas A (2001) Diesel engines: environmental impact
and control. J Air Waste Manag Assoc 51:809-847

Lough GC, Christensen CG, Schauer JJ, Tortorelli J, Mani E, Lawson
DR, Clark NN, Gabele PA (2007) Development of molecular
marker source profiles for emissions from on-road gasoline and
diesel vehicle fleets. J Air Waste Manag Assoc 57:1190-1199

Quiterio SL, Arbilla G, Silva CRS, Escaleira V (2004) Metals in
airborne particulate matter in downtown Rio de Janeiro (Brazil).
Bull Environ Contam Toxicol 72:916-922

Schauer JJ (2003) Evaluation of elemental carbon as a marker for
diesel particulate matter. J Exp Anal Environ Epid 13:443-453

Schauer JJ, Kleeman MJ, Cass GR, Simoneit BRT (1999) Measure-
ment of emissions from air pollution sources. 2. C; through Cjq
organic compounds from medium duty diesel trucks. Environ Sci
Tech 33:1578-1587

Shah SD, Cocker DR, Miller JW, Norbeck JM (2004) Emission rates
of particulate matter and elemental and organic carbon from in
use diesel engines. Environ Sci Tech 38:2544-2550

Suzuki K (2006) Characterization of airborne particulates and
associated trace metals deposited on tree bark by ICP-OES,
ICP-MS, SEM-EDX and laser ablation ICP-MS. Atmos Environ
40:2626-2634

U.S.E.P.A. (1987) Guideline on air quality models (Revised) and
supplement EPA 450/2-78-027R US. Environmental Protection
Agency, Research Triangle Park

Wang CX, Zhu W, Peng A, Guichreit R (2001) Comparative studies
on the concentration of rare earth elements and heavy metals in
the atmospheric particulate matter in Beijing, China, and in
Delft, the Netherlands. Environ Int 26:309-313

Xie R, Seip HM, Wibetoe G, Nori S, McLeod CW (2006) Heavy coal
combustion as the dominant source of particulate pollution in
Taiyuan China corroborated by high concentration of arsenic and
selenium in PMq. Sci Total Environ 370:409-415

Ye BM, Ji XL, Yang HZ, Yao XH, Chan CK, Cadle SH, Chan T, Mulaw
PA (2003) Concentration and chemical composition of PM, s in
Shanghai for a 1-year period. Atmos Environ 37:499-510

Zweidinger RL, Garland D, Oliver CN (1990) The determination of
carbonyl content in oxidatively modified proteins. In: Packer L,
Glazier AN, (eds). London, Academic Press, pp. 464-477

@ Springer



	Impact Assessment of Respirable Suspended Particulate Matter from Diesel Generator Sets Used for Pumping Station
	Abstract
	Materials and Methods
	Results and Discussion
	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


