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RESUME

Le suivi de la qualité de I'eau de pluie collectée en aval de la toiture d’'une maison privée (sud ouest
de la France) en vu de l'alimentation des chasses d'eau a été réalisé durant neuf mois. Les
échantillons ont été prélevés de fagon hebdomadaire en cuve (5 m3) et en sortie d’un robinet extérieur
situé aprés le systéme de traitement composé d'une chaussette filtrante (25 um) et d’un filtre a
charbon actif. Le pH, la température, la conductivité, la couleur, la turbidité, les concentrations en
anions et en cations, le titre alcalimétrique complet, la dureté totale et le carbone organique total ont
été déterminés a I'aide des techniques analytiques classiques. Les germes totaux a 22°C et a 36°C,
les coliformes totaux, Escherichia coli et les Entérocoques ont également été analysés. Les
paramétres chimiques et microbiologiques ont montré des variations au cours de [I'étude.
Globalement, les eaux de pluies collectées présentent une bonne qualité physico-chimique mais ne
satisfont pas aux exigences d’une eau potable. Ces eaux comparées a une eau potable du réseau
sont caractérisées par de faibles conductivités, dureté et titre alcalimétrique complet. Les trois
indicateurs microbiologiques les plus utilisés ont été quantifiés dans la majorité des échantillons
révélant ainsi une contamination.

ABSTRACT

The quality of harvested rainwater used for toilet flushing in a private house in the south-west of
France was assessed over a nine-month period. Water samples were collected from the tank (5 m°)
and from an outside tap after a pre-treatment process consisting of a 25 ym-filter and an active carbon
filter. Temperature, pH, conductivity, colour, turbidity, anions, cations, alkalinity, total hardness and
total organic carbon were screened by standard analytical techniques. Total flora at 22°C and 36°C,
total coliforms, Escherichia coli, and enterococci were analysed. Chemical and microbiological
parameters fluctuated during the study. Overall, rainwater collected had good physicochemical quality
but did not meet the requirements for drinking water. It is characterised by low conductivity, hardness
and alkalinity compared to mains water. The three widely used bacterial indicators, total coliforms, E.
coli and enterococci were detected in the majority of the samples, revealing microbiological
contamination.
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1 INTRODUCTION

Thanks to the EU Water Framework Directive (EU, 2000) implemented to protect the aquatic
environment, certain requirements have been set out involving potential use of Rainwater Harvesting.
The latter is the process of collecting and storing rainwater for later use, such as toilet flushing,
washing machines, garden watering, cleaning purposes, fire fighting, etc. The idea is to avoid using
valuable drinking water for flushing toilets by substituting collected roof runoff. However, every
European country has adopted a different perspective concerning the use of rainwater due to
individual interpretations of the word “domestic” used in the European Directive 98/83/CE. In France,
only external uses (garden watering, cleaning, etc.) were allowed, except in special cases (drought, no
mains network). Nevertheless, there were already rainwater harvesting devices on the market, which
according to suppliers accounted for 10 000 systems in 2007, of which 67 concerned large buildings.
Despite reluctance from sanitary authorities (C.S.H.P.F, 2006), the increasing demand from private
customers leveraged a reconsideration of rainwater harvesting and a new decree authorised and
clarified rainwater use inside buildings in August 2008 (Decree of August 21, 2008).

In Europe, rainwater quality assessment was studied by Forster 1998, Forster 1999, Albrechtsen et al.
2002, Polkowska et al. 2002, Fewtrell at al. 2007, Melidis et al. 2007, Oesterholt et al. 2007, Sazakli et
al. 2007, Schriewer et al. 2008, Tsakovski at al. 2010. Other studies focused on hydrological or
economic data for rainwater harvesting (Herrmann et al. 1997; Chilton et al. 1999; Fewkes 1999;
Fewkes 1999b, Herrmann et al. 1999; Vaes et al. 2001, Villarreal et al. 2005, Nolde 2007). But “a clear
consensus on the quality and health risk associated with roof-collected rain-water has not been
reached” (Evans et al. 2006), and this literature review draws attention to the need for Research and
Development on the hygienic and economic aspects of rainwater harvesting. Thus, the present case
study has been carried out to provide scientific data using a commercially available rainwater
collection system, installed in south-west of France and monitored over a nine-month period. The
objectives were firstly to monitor the rainwater from the roofs, the tank and a tap outside a house, in
order to provide scientific data on physicochemical and microbiological quality and secondly, to collect
data on hydraulic aspects linked to roof-runoff harvesting.

2 MATERIAL AND METHODS
2.1 Rainwater harvesting system and instrumentation

A commercially available domestic rainwater collection system was installed in a rural area of south
west of France. Rainwater is first collected from the 204 m? surface area tiled roof of a private house.
This water is then channelled via open zinc gutters and downpipes to a wire filter with a mesh before
entering into an underground, 5m?® capacity PEHD storage tank, through a calm inlet. Any overflow is
fed into a nearby canal. A pumping system using a submerged (approximately 0,10 m) intake with an
inlet filter attached to a float, then pumps water inside the house, through a treatment process
composed of a 25um filter and an active carbon filter. UV radiation water treatment may also be
carried out but was not used in this initial study. When insufficient water is available in the tank, a
probe activates a valve to allow pumping from a backup drinking water tank. Rainwater collected is
available for toilet flushing and garden watering for a household of four and can supply two WCs and
an outside tap.

The device also includes a rain gauge with swinging runnels, a water flow monitoring system, a probe
to measure water tank level, a triangular weir, a flow meter to measure the volume evacuated via the
overflow, and a central processing unit monitoring parameters every 15 minutes.
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Figure 1. Plan of rainwater harvesting system

2.2 Sampling and measurements

Sampling was carried out from January 2009 to September 2009. Water samples were collected
weekly from the tank (Figure 1, point 1) and from the outside tap (Figure 1, point 2). Concerning point
1, grab samples were taken from the surface of the tank using a sampling rod and beaker, the latter
having previously been disinfected with ethanol and rinsed with UHQ water once and with tank water
twice. Concerning point 2, samples were taken after water had been run to waste for at least one
minute and after disinfection of the tap with ethanol. All samples were placed in polyethylene bottles
for chemical analysis or individual sterile bottles for microbiological analysis, and transported to the
laboratory in a chilled cold-box. Temperatures of the samples were measured in situ before transfer.
Samples were stored at 4°C and assessed within 24h for microbiological analysis or frozen to await
chemical analysis.

Samples were analysed in accordance with the norm shown in Table 1. The ionic composition was
analysed by ion chromatography (Dionex, AG/AS 18, ICS 2000 for anions and CG/CS 12, ICS 3000
for cations).

2+ 2+ + +
Parameter Norm Mg ’CleuNa K NF EN ISO 14911
4

pH NF T 90-008 Colour NF EN ISO 7887

Conductivity NF EN 27888 Total organic carbon NF EN 1484
Turbidity NF EN ISO 7027 Total hardness NF EN ISO 14911

- 2- -
ct, Sgé é-NOS’ NF EN ISO 10304-1 Alkalinity NF EN ISO 9963-1
4

Table1. Physico-chemical parameters analyzed

The microbiological water quality was monitored using the relevant ISO (International Organization for
Standardization) standards. 1ISO 6222 for total flora at 22°C and 36°C, 1SO 9308-1 for total coliforms
and Escherichia coli, and ISO 7899-2 for enterococci.
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3 RESULTS AND DISCUSSION
3.1 Qualitative analysis

3.1.1 Physicochemical analysis

The average, maximum, minimum and median values of parameters for rainwater collected in the tank
are shown in Table 2. The measured values were compared to French Drinking Water Guidelines
(Decree of 11 January 2007). The temperature of the samples ranged from 8.3°C to 22.4°C, which
was within the range of outside air temperatures recorded, since sampling began in winter and ended
in September. A pH range of 5.6 - 10.4 was recorded in the tank. In fact, extreme alkaline values were
observed after exceptional weather, e.g. after a violent storm a peak of 10.4 was found, which took
five weeks to return to a slightly acid value. Apart from these extremes, pH ranged from 5.6 to 6.9. By
comparison, ranges found in the literature for Europe, indicate run-off water pH as : 6.0 - 8.2 (Villarreal
et al. 2005); 7.6 — 8.8 (Sazakli et al. 2007) and 5.8 - 8.4 (Schriewer et al. 2008). Concerning colour
and turbidity, around two-thirds of results exceed limit values for drinking water, 15 mg Pt/L and 2 NTU
respectively. lon concentrations were low, for example 84% of conductivity values were lower than 100
pNS/cm, revealing a low mineralisation of harvested rainwater. All concentrations comply with the
guidelines except for ammonia that often exceeded them. Analyses reveal low aggressive water in the
system.

Results for samples from the outside tap were similar except when the system was working with a
supply of drinking water. Mains water has a pH of about 7.5 and higher values of conductivity,
hardness, and alkalinity. These parameters could be used as switching indicators to show when the
system is not functioning with rainwater because of a lack of supply in the tank.

The chemical quality of harvested and stored rainwater in this area of France is quite good, but some
parameters were detected above the corresponding maximum allowable concentrations for drinking
purposes.

Parameter Unit n min max | mean | median | French Drinking Water Guidelines
pH - 38 5.6 10.4 6.7 6.3 6.5t09
Temperature °C 38 8.3 22.4 15.6 16.0 25
Conductivity | uyS/em | 38 | 15.8 | 235.0 | 66.5 46.7 180 to 1000
Turbidity NTU 36 0.5 6.1 2.8 2.9 2
Colour mg Pt/L | 38 <5 36.0 | 174 19.5 15
TOC mg/l 37 1.1 5.1 2.6 24
Hardness mmol/l | 38 0.1 0.6 0.2 0.1
TA mmol/l | 38 | <0.2 0.5 <0.2 <0.2
TAC mmol/l | 38 | <0.40 1 0.3 0.4
Cl- mg/L 20 0.6 4.0 2.6 2.8 250
S04~ mglL | 20| 09 | 3.0 1.9 2.2 250
NOj mg/L 20 1.5 7.8 3.6 2.9 50
PO~ mg/L | 20 | <0.1 | 0.5 | 0.1 0.1
Mg** mg/L | 20 | 0.1 07 | 03 0.4
ca” mglL | 20| 15 | 187 | 7.5 6.7
Na* mg/L 19 0.3 2.3 14 1.6 200
K" mg/L 20 0.3 4.9 2.2 2.8
NH,* mg/L 19 | <0.1 1.5 0.4 0.3 0.10

Table 2. Physico-chemical composition of tank water
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3.1.2 Microbiological analysis

Microbiological composition of water in the tank and from the outside tap was variable. Results are
shown in Table 3 with ranges, and on Figure 2 with distribution of values. Total flora gives a measure
of the total bacterial load. Counts at 22°C range from 10 to 6.32x10° organisms per mL in the tank and
from 26 to 2.28x10° organisms per mL from the outside tap. Aimost all samples were contaminated
with coliforms, i.e. they exceeded zero organisms per 100 mL. Only 5 tap samples of the 35 gave
negative (zero) counts. Total coliforms were indicative of an environmental contamination and provide
a measure of possible faecal contamination. Two faecal indicators were also monitored and analyses
showed varying degrees of contamination in the different samples. Roof-collected rainwater often
shows high levels of contamination in enterococci, as can be seen from the maximum values of 850
and 950 CFU/100mL. A positive E. coli count was recorded in 74% of tank samples and 44% of tap
samples which indicates faecal contamination. These results indicate a risk of pathogens.

The three widely used bacterial indicators, total coliforms, E. coli and enterococci were detected in the
majority of samples. Our results agree with previous studies (Albrechtsen 2002; Blangis et al. 2007;
Nolde 2007; Sazakli et al. 2007). They show that roof run-off has poor, microbiological drinking quality.
To complete these first results, other parameters less present in the literature will be analysed;
Cryptosporidium oocysts, Giardia cysts, Aeromonas, Pseudomonas Aeruginosa, Legionella, etc.

Tank Outside tap after filtration
Parameter N | illegible eglble illegible leglole
Min Max Min Max
Total coliforms | CFU/100mL | 35 11 10 10 000 9 0 1300
E. coli CFU/MO00mL | 34 - 0 230 - 0 130
Enterococci CFU/M00mL | 35 - 1 850 - 0 930
Total flora 22°C CFU/mL 33 - 10 632 000 - 26 228 000
Total flora 36°C CFU/mL 32 - 25 368 000 - 26 192 000

Table 3. Microbiological results
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Figure 2. Microbiological results
a) Total flora at 22°C and 36°C - b) Total coliforms - ¢) E. coli - d) Enterococci




SESSION 1.3

3.2 Quantitative analysis

Concerning the hydrological part, the quantitative monitoring began in March 2009 and the results of
the first months of operation thus represent a household in rural south-west France with an annual
rainfall of about 670 mm. The family has an average daily consumption for toilet flushing of 120L i.e.
30L per day per inhabitant, representing 20% of total consumption. The volume of rainwater stored
and the volume supplied by the mains water network for toilet flushing was also investigated. The
study showed that 11 m® were used for toilet flushing within the 3 months spring period which had a
rainfall of 168 mm. In fact, 10 m® of rainwater was stored and the volume remaining was supplied from
the mains network (around 8%).

4 CONCLUSIONS

There is no consensus or common practice within Europe concerning Rainwater Harvesting.
Moreover, the lack of feedback concerning sanitary issues does not encourage some countries to
develop it. However, conclusions on water quality may be drawn from this study in which the
performance of a rainwater collection system has been monitored weekly over a period of nine
months. Firstly, harvested rainwater has good physicochemical quality but does not meet drinking
water standards. Secondly, the results of this survey are in keeping with a number of other studies and
show that roof-collected rainwater makes poor quality drinking water overall, with regard to
bacteriological indicators. Using rainwater introduced micro-organisms, not usually present in mains
water, into the household. As a consequence, a complementary study with the use of UV-treatment
will be carried out, and anyway, it would appear necessary to investigate sanitary risks of rainwater
use.

ACKNOWLEDGEMENTS

The authors wish to thank the supplier of the commercial rainwater harvesting system Sotralentz
Habitat.

LIST OF REFERENCES

Albrechtsen, H.J. (2002). Microbiological investigations of rainwater and graywater collected for toilet
flushing. Water Science and Technology, 46(6-7), 311-316.

Blangis, D. and Legube, B. (2007). Treatment of rain water by solar photocatalysis. European Journal
of Water Quality, 38(2), 121-130.

Chilton, J.C., Maidment, G.G., Marriott, D., Francis, A. and Tobias, G. (1999). Case study of a
rainwater recovery system in a commercial building with a large roof. Urban Water, 1 345-354.

C.S.H.P.F (Conseil Supérieur d’Hygiéne Publique de France) (2006) Position relative aux enjeux
sanitaires lies a l'utilisation des eaux de pluie pour des usages domestiques, séance du 5
septembre 2006.

Decree of January 11th (2007), Arrété du 11 Janvier 2007 relatif aux limites et références de qualité
des eaux brutes et des eaux destinées a la consommation humaine, JO n°31, 06/02/07

Decree of August 21th (2008), Arrété du 21 ao(t 2008 relatif a la récupération des eaux de pluie et a
leur usage a l'intérieur et a I'extérieur des batiments, JO n° 201, 29/08/08

EU (2000), Water Framework Directive 2000/60/EC of 23 october 2000 establishing a framework for
Community action in the field of water policy, L 327, 22/12/2000

Evans, C.A., Coombes, P.J. and Dunstan, R.H. (2006). Wind, rain and bacteria: the effect of weather
on the microbial composition of roof-harvested rainwater. Water Research, 40(1), 37-44.

Fewkes, A. (1999). The use of rainwater for WC flushing: the field testing of a collection system.
Builing and Environment, 34 765-772.

Fewkes, A. (1999b) Modelling the performance of rainwater collection systems: towards a generalised
approach. Urban Water, 1 323-333.

Fewtrell, L.and Kay, D. (2007) Microbial quality of rainwater supplies in develop countries: a review.
Urban Water, 4 (4), 253-260.

Forster J. (1998) The influence of location and season on the concentrations of macroions and organic
trace pollutants in roof runoff. Water Science and Technology, 38 (10), 83-99.

Forster J. (1999) Variability of roof runoff quality. Water Science and Technology, 39(5), 137-1444.

Herrmann, T. and Hasse, K. (1997). Ways to get water: rainwater utilization or long-distance water
supply? A holistic assessment. Water Science and Technology, 36(8-9), 313-318.




NOVATECH 2010

Herrmann, T. and Schmida, U. (1999). Rainwater utilisation in Germany: efficiency, dimensioning,
hydraulic and environmental aspects. Urban Water, 1 307-316.

Melidis, P., Akratos, C.S., Tsihrintzis, V.A. and Trikilidou, E. (2007) Characterization of rain and roof
drainage water quality in Xanthi, Greece. Environmental Monitoring and Assessment, 127, 15-27.
Nolde, E. (2007). Possibilities of rainwater utilisation in densely populated areas including precipitation

runoffs from traffic surfaces. Desalination, 215(1-3), 1-11.

Oesterholt, F., Martijnse, G., Medema, G. and Van Der Kooij, D. (2007). Health risk assessment of
non-potable domestic water supplies in the Netherlands. Journal of Water Supply: Research and
Technology, 56(3), 171-179.

Polowska, Z., Gorecki, T. and Namiesnok, J. (2002) Quality of roof runoff waters from an urban region
(Gdansk, Poland). Chemosphere, 49, 1275-1283.

Sazakli, E., Alexopoulos, A. and Leotsinidis, M. (2007). Rainwater harvesting, quality assessment and
utilization in Kefalonia Island, Greece. Water Research, 41(9), 2039-2047.

Schriewer, A., Horn, H. and Helmreich, B. (2008). Time focused measurements of roof runoff quality.
Corrosion Science, 50(2), 384-391.

Vaes, G. and Berlamont, J. (2001) The effect of rainwater storage tanks on design storms. Urban
Water, 3 303-307.

Tsakovski, S., Tobiszewski, M., Simeonov, V., Polkowska, Z and Namiesnik J. (2010) Chemical
composition of water from roofs in Gdansk, Poland. Environmental Pollution, 158, 84-91.

Villarreal, E.L. and Dixon, A. (2005). Analysis of a rainwater collection system for domestic water
supply in Ringdansen, Norrkdping, Sweden. Building and Environment, 40 1174-1184.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


