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Abstract Tritium behaviour has been successfully used as evidence to forecast aquifer overexploitation 
before it becomes a management problem and creates a water use conflict. The most important evidence is 
the onset of serial but not consecutive recharge events, the variation in 3H activity at the same measuring 
points during the year and, especially, the presence of groundwater with no 3H activity, or at least none 
related with known or measured 3H inputs. 
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INTRODUCTION 

The most common, simple and intuitive definition of overexploitation of an aquifer is a continuous 
disequilibrium between the groundwater abstraction and groundwater replenishment. It is 
supposed that when more water than that entering the aquifer is extracted, the available resources 
become systematically exhausted or its quality deteriorates, but the concept is incomplete because 
it is known that overexploitation can occur, even when recharge is greater than abstraction, due to 
bad management practices. A more general agreement states that overexploitation of groundwater 
takes place when a limit in volume, yield or water quality is surpassed. Therefore beyond those 
limits, some side effects—usually ambiguously defined as undesirable effects—due to over-
exploitation appear, e.g. systematic groundwater level decline that in turn causes the exhaustion of 
springs and the abandonment of water wells, loss of water quality and, in turn, contamination of 
the productive aquifer, and subsidence. 
 For water supply purposes, this limit is often called the “safe yield” or “groundwater 
resource”. Conventionally, overexploitation should take place when this boundary is exceeded, but 
experience show that sometimes water is abstracted beyond this limit and no undesirable side 
effects become apparent. Therefore the concept of overexploitation, which is important to know 
given the kind of problem managers are dealing with, falls into a category of ambiguous 
definitions: (a) the limit established by the “safe yield” and the safe yield itself; (b) the limit 
established by the management practices; and (c) the limit established by the water quality that is 
particularly required.  
 Therefore, a scarcity in water quantity and a loss of water quality commonly come together as 
a consequence of aquifer overexploitation. Because of the socio-economic impact caused by the 
high costs of aquifer remediation (increasing groundwater reserves and improving water quality) 
Young (1992) defined aquifer overexploitation as a failure to achieve maximum economic returns 
to the resource. Overexploitation can also allow a loss of groundwater quality when waters of 
undesired chemical composition are drained into a productive formation. Sea water intrusion is the 
most common but not the only source of water quality deterioration due to overexploitation. Acid 
mine drainage, oily waters or even untreated domestic waste waters could enter the aquifer when 
flow lines are altered by pumping. Another important side effect of aquifer overexploitation is 
subsidence. 
 But, as Adams & MacDonald (1995) have pointed out, “certain aquifers are more susceptible 
to overexploitation than others—equally certain managing practices are conducive to over-
exploitation”. Karst aquifers, particularly those of the Humid Tropics, fall into this category 
because of the particular way in which groundwater flow is organized within them.  
 In a regional karst aquifer system, groundwaters converging from different local and sub-
regional flow systems do not necessarily contribute continuously to groundwater resources (Fig. 1). 
This singularity means that different parts of the aquifer behave differently in time and space. In 
fact, according to the degree of karst development, its distribution within the aquifer, its relation to 
local erosion base levels and the way they modulate the recharge inputs, karst aquifers show very 
complex hydrodynamic responses. Under certain boundary conditions some of the local flow  
 

Copyright © 2006 IAHS Press  
 
 
 



L. F. Molerio León 
 

630 

 
Fig. 1 Recharge patterns of a karst aquifer (modified after Mangin). 
 
 
systems and even its associated epikarst could seasonally or inter-annually become saturated by 
water or be completely dry. This changing behaviour is not necessarily reflected in the yield of 
springs or in the water level decline. The generally big fluctuations recorded in groundwater levels 
—sometimes associated with the effect of hurricanes or heavy rains—of large, regional karst flow 
systems masks the actual behaviour of the aquifer. Some cave levels or local flow systems become 
hydrologically active for several months or years leading to an erroneous assessment of 
groundwater reserves and, therefore, to the establishment of an abstraction plan based on an 
erroneous safe yield estimation that eventually could lead to overexploitation.  
 On the other hand, groundwater abstraction can isolate local flow systems interrupting their 
contribution to major systems and reducing the reserve therein. Sometimes an active epikarst can 
be completely drained producing a local and sometimes abrupt lack of water supply. River runoff 
can be shortened and even interrupted if fed by karst springs (concentrated or diffuse) that become 
dry when their own local flow systems are drained. The inverse is also true and some episodic 
rivers flow only when their local flow systems become hydrological active.  
 It is very common that evidence of overexploitation appears suddenly. That is why Adams & 
McDonald (1995) remarked that “overexploitation is normally diagnosed a posteriori because 
hydrogeological assessment can often only be achieved when an aquifer has been stressed”. But, in 
fact, different types of evidence that appear during the overexploitation process are commonly not 
well interpreted because they are not integrated with groundwater monitoring and used for 
adequate prevention. Induced local pollution, isolated episodes of local subsidence, fluctuations in 
the yield of springs, or in the particular case of karst aquifers, desiccation of water filled caves, 
changes in the hydrological behaviour of the epikarst, variations in the drainage stratification (or in 
the hydrology of cave levels) among others, appear during the whole historic process of over-
exploitation and can be used as evidence of it.  
 It would be highly profitable if overexploitation could be detected before its undesirable side 
effects (groundwater level decline, recharge of poor quality waters and subsidence) become 
apparent. Considering that time is already involved in the concept of safe yield and that side 
effects become apparent according to the degree of mixing of waters from different sources, which 
is also a time dependent variable, a good approximation for the identification of overexploitation 
hazard has been obtained by the author using radioisotope techniques involving tritium and  
radon-222 modelling in Cuban karst aquifers. This paper focuses on the constraint that time, and 
more precisely, groundwater residence time, introduces in safe yield and how, in the case of karst 
aquifers, aquifer exploitation management practices should take it into account. 
 
 
SAFE YIELD AND AQUIFER OVEREXPLOITATION 

The safe yield of an aquifer is defined as the quantity of water that can be extracted annually from 
an aquifer without producing undesirable effects (Todd, 1970). As Todd points out, this intuitive 
definition is more complex than it seems at first sight, since “there can be more than an undesired 
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result effect … the safe may be limited to an amount less than the net amount of water supplied to 
the basin and that the safe yield can vary as the conditions governing it vary” (Todd, 1970, p.201). 
The concept is completed when he points out that “the safe yield cannot exceed the long time mean 
annual water supply to the basin…Extractions exceeding this supply must come from storage 
within the aquifer”. And continues “… in any one year the draft can exceed the recharge without 
causing permanent depletion. But on a long-term basis, when series of wet and dry years would 
tend to average out, the draft becomes an overdraft if the mean supply is exceeded” (Todd, 1970, 
p.201).  
 
 
THE CONCEPT OF RESIDENCE TIME (TW)   

The residence time of waters (that is used as a synonym for turnover time, transit time, mean 
residence time of waters, age of the waters, kinematic age, hydraulic age, among others) is the 
relationship between the mobile water volume (Vm) and the volumetric flow rate (Q) in the system: 
tw = Vm/Q. For vertical flow in the recharge area, especially in the unsaturated area, Q is equal to 
the infiltration rate or the recharge (I): tw = Vm/I. If the system can approach a pattern of one-
dimensional flow, this definition yields (Maloszewski & Zuber, 2004) tw = x/vw, where x is the 
length for which tw is determined, and vw it is the mean velocity of water that equals the 
relationship between the flow velocity (vf) and the effective porosity (ne). As tritium is a tracer, it 
is convenient to introduce the concept of mean tracer age (tt) that can be defined as 
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of the system) as a result of an instantaneous injection at the system’s entrance.    
 Mean tracer age is only similar to the half-life of waters if immobile, static areas do not exist 
(stagnant zones) in the aquifer and the tracer is injected and measured in the flux. When the 
radioisotope age of an atmospheric radioisotope does not have sources or sinks other than radio-
active disintegration, it can be identified by the age of the water (Maloszewski, 1992; Maloszewski 
et al., 1983, 2004). In this way, the radioisotope age (ta) is defined exclusively for the radioactive 
disintegration as C(ta)/C(0) = exp(–λta), where C(ta) and C(0) are the current and initial 
radioisotope concentrations, respectively, and λ, the disintegration constant. Regrettably, as 
Maloszewski & Zuber (2004) pointed out, few radioisotope tracers are available for dating ground-
water when in motion and immobile. Obviously, as these authors point out, the ages of immobile 
systems or of systems that can be partially immobile for certain periods of time cannot be 
interpreted, directly, in terms of the hydraulic parameters. 
 
   
THE SINGULARITY OF KARST AQUIFERS   

The typical heterogeneity of the system of collectors and conducts of groundwaters and the 
differences in the natural recharge patterns in karst systems (Fig. 1) is the main cause of the 
differentiated space and time distribution of the replenishment of groundwater resources. In fact, 
two extreme recharge patterns are recognized in karst systems: a rapid, fast concentrated recharge 
along vertical shafts and open cracks in bare karst areas; and a slow, diffuse, recharge through 
joints and soil cover in buried karst systems. This means that different recharge rates exist for the 
same recharge event. Even more, different arrival times to the outlet are then recognized depend-
ing on the degree of water mixing. In turn, this allows for different isotopic behaviour. This 
difference is the reason why, in particular flow domains, water with different age coexists.  
 The sustained extraction of groundwaters belonging to the current hydrological cycle causes, 
inexorably, the exhaustion of the available resources and this relationship could be rigorously 
determined with the use of the proper isotopic tracers. In general, the variable “residence time” is 
not taken into account in the water balance and in the assessment of groundwater resources. But 
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the abstraction of “old” ground waters or the exploitation of water of very slow replenishment 
leads to the, sometimes very fast, exhaustion of the resources, particularly in karst aquifers. 
Remediation works like artificial recharge, protection against the contamination of the water 
supply wells and springs or the deep injection of waste liquids, are other aspects in which the 
residence time is fundamental and yet, regrettably, it is not usually considered in either. As a basic 
principle it is strongly recommended that waters not participating in the current hydrological cycle 
should not be exploited in any way, to guarantee its replenishment. However, the term “current 
hydrological cycle” is ambiguous by nature and has to be more precisely defined. Anyway, 
isotopic techniques provide appropriate resources to determine the residence time of groundwater. 
Quantifying this variable provides criteria for adopting appropriate management practices without 
damaging the aquifer by the exhaustion of its resources or the artificial recharge of contaminated 
waters (Maloszewski & Zuber, 1990, 1992, 2004).     
 
 
RESULTS AND DISCUSSION 
The sustained application of environmental stable (18O, 2H) and radioactive (3H, 222Rn) isotope 
techniques has allowed the identification of the recharge patterns in some karst aquifers of 
Western Cuba (Arellano et al., 1992; Molerio, 1994, 2004, 2005; Molerio et al., 1993, 2000, 
2002a,b). Until now the most profitable approach has been based on that of Maloszewski 
(Herrman et al., 1990; Maloszewski, 1992; Maloszewski & Zuber, 1990, 1992, 2004; 
Maloszewski et al., 1983, 2004), but the Exponential Model for Input Function (Clark & Fritz, 
1997) was also successfully applied. Research carried out by the author and his colleagues 
following that approach (Molerio, 1994, 2004, 2005; Molerio & Pin, 2002; Molerio et al., 1993, 
2002a,b) in two important karst aquifers showed that the corresponding tritium based isotopic 
balance for the different flow systems indicated the overexploitation of the groundwater. As a 
consequence, those results provided the appropriate managerial tools to redistribute the 
groundwater exploitation abstraction well system and for the design of proper locations for 
artificial recharge wells and to improve the protection against the contamination. The most 
important results obtained were the following:   
(a) The isotopic balance of the groundwater showed that in the discharge area and in some points 

of the aquifer, waters with different residence times converge, indicating a stratification of the 
aquifer system associated with the development of different cave levels.   

(b) During the dry season, certain boreholes and the system’s outlet convey waters with no tritium 
activity. It is highly probable that these waters are not linked with the natural replenishment 
associated with the current hydrological cycle or at least that which took place in the last fifty 
years. Modelling shows the best fit for waters of 100 years residence time (Fig. 2). During the 
dry season the exploitation of the volumes that might eventually be recharged associated with 
the “cold front” rains does not reach the aquifer, limiting or impeding its natural regulation 
and, in turn, contributing to the exhaustion of the aquifer because of the systematic lack of 
replenishment.  

 
 

    
Fig. 2 Best fits for the tracer transit time. 
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(c) In some cases, the difference between transit times varies from three months in the upper part 
of the flow system to 100 years in the lowest levels. The exploitation of these waters during 
the dry season represents a constant reduction of water resources. 

(d) Because of the nature of the integration of the cave system, a good mixing of waters exists. 
The fact that successive recharge events are not consecutively identified is good evidence of 
this; i.e. recharge waters arrive at the outlet and at other sampling points in a differentiated 
way, some earlier than others, but without following a strict chronological order, in what 
seems to be a typical feature of the Cuban karst systems.  

(e) Most recharge events that can be identified with a well-known tritium input in the rainwater 
basically take place during the rainy period (May–October). This fact confirms that these karst 
system receive some fresh recharge annually but not across the whole extent of the aquifer.   

(f) The isotopic results show that, at least for a part of the year, losses by evaporation take place 
in several parts of the aquifer, mainly close to the outlet or in karst depressions where 
groundwater outcrops. Therefore, some of these karst features behave as points of 
groundwater loss, and not recharge, as anticipated intuitively.   

 
 
FINAL REMARKS 

Isotope techniques, mainly those based on the 3H balance, are valuable tools for detecting over-
exploitation of karst aquifers. Because 3H is part of the water molecule and hence travels with it, 
its use as a tracer reduces the uncertainty in the determination of water residence time. The strong 
seasonal effect on recharge in the Humid Tropics is a useful tool for the application of isotope 
techniques in water balance studies. Evidence derived from the seasonal behaviour of isotopes like 
3H are enough to detect overexploitation trends before they become apparent. Among these types 
of evidence the most important are the onset of serial but not consecutive recharge events, the 
variations in 3H activity at the same measuring points during the year and, especially, the presence 
of groundwater with no tritium activity or at least not related with known or measured 3H inputs. 
 
 
Acknowledgements Tritium modelling was first applied in Cuba in a karst polje in the framework 
of the IAEA’s ARCAL XIII Project in the early 1990s under the advice of Dr Piotr Maloszewski 
(GSF-Institute of Hydrology, Munich, Germany) whose contribution together with that of  
L. Araguas (IAEA), C. O. Rodríguez (Colombia National University) and my Cuban colleagues 
M. Guerra (Institute of Geophysics) and K. del Rosario (National Institute of Water Resources) is 
acknowledged. Ana, my wife, shared much of this field work in recent years. 
 
 
REFERENCES 
 

Adams, B & MacDonald, A. (1995) Overexploitation of aquifers. Final Report. Tech. Rep. WC/95/3. British Geol. Surv. 
Keyworth, Nottingham, UK. 

Arellano Acosta, M., Molerio León, L. F. & Surí Hijos, A. (1992) Efecto de altitud del 18O en la zona de articulación de llanura 
criptocársica con carso de Montaña? GTICEK. Taller Internac. sobre Cuencas Experimentales en el Karst, Matanzas,  
29–42. Publ. Universitat Jaume I de Castelló. 

Clark, I. D. & Fritz, P. (1997) Environmental Isotopes in Hydrogeology. Lewis Publ., Boca Raton, New York, USA. 
Herrman, A., Finke, B., Schöniger, M., Maloszewski, P. & Stichler, W. (1990) The environmental tracer approach as a tool for 

hydrological evaluation and regionalization of catchment systems. In: Regionalization in Hydrology (ed. by M. A. Beran, 
M. Brilly, A. Becker & O. Bonacci), 45–58. IAHS Publ. 191. IAHS Press, Wallingford, UK. 

Maloszewski, P. (1992) Mathematical modelling of tracer transport in different aquifers: results from ATH test fields. In: Proc. 
6th Int. Symp. Water Tracing (Karlsruhe, Germany), 25–30. Balkema, Rotterdam, The Netherlands. 

Maloszewski, P. & Zuber, A. (1990) Mathematical modelling of tracer behaviour in short term experiments in fissured rocks. 
Water Resour. Res. 26(7), 1517–1528. 

Maloszewski, P. & Zuber, A. (1992) On the calibration and validation of mathematical models for the interpretation of tracer 
analysis in groundwater. Adv. Water Resour. 15, 47–62. 

Maloszewski, P. & Zuber, A. (2004) Manual of lumped parameter models used for the interpretation of environmental tracer 
data in groundwaters. Unpublished Report. GSF-Institute of Hydrology, Nehuerberg, Germany. 

Maloszewski, P., Rauert, W., Stichler, W. & Herrmann, A. (1983) Application of flow models in an alpine catchment area using 
tritium and deuterium data. J. Hydrol. 66, 319–330. 

 
 

 
 



L. F. Molerio León 
 

634 

Maloszewski, P., Stichler, W. & Zuber, A. (2004) Interpretation of environmental tracers in groundwater systems with stagnant 
water zones. Isotopes in Environmental and Health Studies 40(1), 21–33. 

Molerio León, L. F. (1994) Isotopic and geochemical regionalization of a tropical karst aquifer. In: Int. Symp. Isotopes in Water 
Resources Management (IAEA, Vienna, Austria), Paper IAEA-SM-336/88P. 

Molerio León, L. F. (2004) Cave levels, safe yield and turnover time in karst aquifers. Int. Symp. Isotope Hydrology and 
Integrated Water Resources Management (IAEA, Vienna, Austria). Paper IAEA-CN-104/p-76. 

Molerio León, L. F. (2005) Balance isotópico de tritio y rendimiento seguro de acuíferos cársicos. RH-035. Convención 
Internacional de Medio Ambiente. La Habana, Cuba. 

Molerio León, L. F. & Pin González, M. (2002) Diseño de la Red de Monitoreo de Tritio en las aguas subterráneas de la cuenca 
de Vento, Habana, Cuba. Unpublished Report. 

Molerio León, L. F., Maloszewski; P., Guerra Oliva, M. G., Regalado, O. A., Arellano Acosta, D. M., March Delgado, C. &  
del Rosario, K. (1993) Dinámica del Flujo Regional en el Sistema Cársico Jaruco-Aguacate, Cuba. In: Estudios de 
Hidrología Isotópica en América Latina 1994, 139–174. IAEA TECDOC-835, Vienna, Austria. 

Molerio León, L. F., del Rosario, K., Torres Rodríguez, J. C., Rocamora Alvarez, E. & Guerra Oliva, M. G. (2002a) Factores de 
control de la composición química e isotópica de las aguas subterráneas en la región Varadero-Cárdenas, Matanzas, Cuba. 
Ing. Hidr. y Ambiental, La Habana XXIII(2), 36–46. 

Molerio León, L. F., Maloszewski, P., Guerra Oliva, M. G., Arellano, D. M. & del Rosario, K. (2002b) Hidrodinámica isotópica 
de los sistemas acuíferos Jaruco y Aguacate, Cuba. Ing. Hidr. y Ambiental, La Habana XXIII(2), 3–9. 

Todd, D. K. (1970) Ground Water Hydrology. Edic. Revolucionaria, La Habana, Cuba. 


	INTRODUCTION
	SAFE YIELD AND AQUIFER OVEREXPLOITATION
	THE CONCEPT OF RESIDENCE TIME (TW)  
	THE SINGULARITY OF KARST AQUIFERS  
	RESULTS AND DISCUSSION
	     
	FINAL REMARKS


<<
  /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 true
  /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 (None)
  /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


