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Science Last Fortnight 
 

Glacier Melt or Snow Melt? 
Isotopes in water discriminate  

Water feeding the Bhagirathi River 
originates due to the melting snow 
from its catchments as well as from 
the melting of the Gangotri Glacier. 
Estimating their relative contribution 
is important as it decides the amount 
of water available downstream. Know-
ledge of the ratios of snow, glacier 
and stream water thus helps formu-
late water management strategies.  

 
Image: Arpit Rawat, via Wikimedia Commons 

 The proportion of heavier isotopes 
of hydrogen and oxygen in water mo-
lecules from fresh snow is different 
than that in melt water from glacier 
ice. Thus, measuring the isotopic 
composition of rivers can help distin-
guish between the contributions from 
various water sources. So, Shive 
Prakash Rai from the Banaras Hindu 
University and collaborators from var-
ious Indian and Austrian institutions 
set about determining the isotopic 
composition of the Bhagirathi River. 
They used an isotope ratio mass 
spectrometer to periodically monitor 
the ratios of normal and heavier iso-
topes of hydrogen and oxygen in the 
river water.  
 In May, when the flow increases, 
isotopic ratios of the river water were 
close to that of snow. This implies 
that the major contribution to the  
river, at this time, was from melting 
snow – about 92%. 
 The water from snowmelt de-
creased slightly in June, and then, 
abruptly, from July to September. 
This indicates that the glacier melt-
water contributed more during this 
period. Overall, only about 37% of 
the flow, from May to September, 
was due to glacier meltwater.  

 The scientists also measured the 
level of tritium, a radioactive isotope 
of hydrogen, using an ultra-low-level 
liquid scintillation counter. They found 
lower values of tritium in glacier melt-
water than in the river and snowmelt. 
In glacier meltwater, the team found 
an average of one tritium unit. But in 
the river, it was more than eight and, 
in snowmelt, more than twelve. The 
low concentrations of tritium in glacial 
ice indicate that the glacier is old – 
more than 60 years.  
 During May–June, demand for  
water in the Ganga basin is high. In 
this period, snowmelt is crucial to 
sustain the flow of the Bhagirathi 
River. But the trend of decreasing 
snowfall around the Gangotri Glacier 
poses a concern. The research pro-
vides data for planners and scientists 
to rework strategies for climate 
change adaptation. 

DOI: 10.1016/j.catena.2018.10.031 

Natural Hazards 
Economic impacts 

Economic growth and development 
are important for disaster prepared-
ness, management and mitigation. 
But the relationship between natural 
disasters and economic growth is still 
not well understood.  
 So, researchers from the IIT Roor-
kee examined the links between nat-
ural hazards and economic growth to 
formulate efficient disaster manage-
ment policies. They collected five 
years of data on hazards from 29 de-
veloped and 73 developing countries 
from the EM-DAT database main-
tained by the Centre for Research on 
the Epidemiology of Disasters. The 
data contains variables such as mor-
tality, total economic damage and 
number of people affected due to ha-
zards. Using this data, the team clas-
sified the hazards as moderate or 
severe. The severe ones included the 
2015 Nepal earthquake and the 2015 
Chennai floods.  
 The researchers used sectoral 
growth rates along with the overall 
GDP growth rate to quantify the  
average growth effects of the hazards 

in terms of economic impacts. They 
report that more economic damage is 
observed in developed countries and 
that the hazards had varied effects 
on the macroeconomy.  
 The team observed that flood and 
drought impact agricultural growth 
more in developing countries. The 
observed positive impact of floods on 
agricultural growth may be related to 
the timing of the cropping season, 
which, the team says, can trigger 
higher economic growth in agrarian 
economies. However, severe floods 
and droughts caused destruction,  
impacted economy and reduced the 
GDP. Storms, too, had negative  
effects on economic growth in deve-
loping countries.  
 Floods and earthquakes have posi-
tive effects too. The researchers  
explain that increased investment in 
reconstructing houses and public 
property enhance a nation’s econo-
my. Earthquakes led to a decline in 
non-agricultural growth in developing 
countries. But, for the other coun-
tries, the results were positive. The 
scientists conclude that, though direct 
damage was greater in developed 
nations, macroeconomic impacts 
were higher in developing nations. 
 The report provides new empirical 
evidence of the probable short-to-
medium-term growth effects of natural 
disasters in countries with different 
levels of economic development.  

DOI: 10.1177/0973801018800087 

Sorting Smoke 
Seasonal shifts in pollution 

Last Diwali, the Supreme Court 
banned crackers in Delhi-NCR to 
control air pollution. However, smoke 
from automobiles and stubble burn-
ing is the main culprit, argue citizens. 
But is there a difference between pol-
lution from crackers and that from 
vehicles? Is there any pattern? It is 
as unclear as the smoke itself. 
 In a recent publication, Umesh C. 
Dumka from the Aryabhatta Research 
Institute of Observational Sciences, 
Nainital and collaborators measured 
and segregated air pollutants for a 
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year in Panchgaon in rural Delhi-
NCR. Soon patterns emerged from 
the smoke.  
 The team recorded a sharp rise in 
black carbon levels during early 
morning and late evening – periods 
when traffic and wood burning for 
cooking peak.  
 A seasonal shift is also prominent. 
The researchers recorded the highest 
black carbon concentration in winter. 
They observed that wood and stubble 
burning during winter are additional 
sources of black carbon. Without 
wind and rain, the dispersion of pollu-
tants is slow. Nevertheless, fossil fuel 
burning contributes to more than 80% 
of the black carbon content through-
out the year.  
 Seeing these trends, Dimitris 
Kaskaoutis from National Observatory 
of Athens asked: ‘Can we estimate 
black carbon levels appropriately 
through computational modelling?’ To 
answer this, the scientists tested a 
Weather Research and Forecasting 
model coupled with chemistry. The 
prediction is reasonably accurate for 
summer but not for winter. But why 
does it underestimate pollution for 
winter? Is it because of Diwali?  
 Only further studies can help us 
answer this question. Meanwhile, re-
ducing the burning of agricultural 
waste and limiting fossil fuel use 
seem to be only way to make Delhi 
soot-free. 

DOI: 10.1016/j.atmosres.2018.09.016 

Rice Field Methane Emission 
Variation in varieties 

 
Image: Vespertunes, via Wikimedia Commons 

Rice, a major food crop, plays an im-
portant role in the food security of 
South Asian countries. But growing 
rice produces methane contributing 
to 10% of the total global methane 

flux to the atmosphere. How can we 
reduce methane emission from rice 
fields?  
 Recently, Bhattacharya and team 
from the ICAR-National Rice Re-
search Institute, Cuttack collaborated 
with four other institutes to under-
stand the mechanism of methane 
emission. They examined seven con-
trasting rice varieties based on crop 
duration and ecological preference in 
tropical eastern India.  
 Using gas chromatography, they 
observed that methane emission  
varied at different growth stages 
across the varieties. It was highest at 
the initial stages of flowering. At this 
time, exudates from roots also in-
crease. This helps methanogenic 
bacteria and consequently methane 
emission from rice fields increases. 
 The short duration cultivar, Kalinga-
1, had minimum methane emission 
rates compared to the long duration 
cultivar, Varshadhan. However, Var-
shadhan has higher grain yield per 
hectare than Kalinga-1.  
 The scientists suggest that, be-
sides using cultivars with less me-
thane emission potential, we should 
also consider ecology and crop man-
agement to reduce methane emis-
sion.  
 The team also observed that the 
pore to space ratio of shoot aeren-
chyma was positively correlated with 
methane emission. Aerenchyma,  
tissues with airspaces, that evolved 
to deliver oxygen from leaves to roots 
immersed in water, may be transport-
ing methane from soil to atmosphere, 
say the scientists. 
 These findings give us clues to use 
genetic engineering or physiological 
manipulation to reduce methane 
emission from rice.  

DOI: 10.1016/j.scitotenv.2018.09.141 

Agricultural sustainability 
Mathematical model 

Inefficient irrigation and drainage  
salinise agricultural land, reducing 
crop productivity. In many places 
around the world, mathematical mod-
els have been used to address the 
problems. However, these models 
have not been compared for their ac-
curacy and applicability.  

 Recently, Ajay Singh from the IIT 
Kharagpur undertook to analyse  
existing mathematical models. He 
compared recent models, using cli-
matological data, soil and crop prop-
erties, for predicting salinisation. He 
found DRAINMOD most suitable. The 
other models could either not predict 
salinisation in agricultural lands, or 
were time consuming. 
 To overcome the salinisation of 
agricultural land, DRAINMOD sug-
gests draining out water without  
affecting nitrogen in soil. The model 
simulates drainage systems over a 
long period. It can predict surface  
runoff on a day-to-day as well as 
hour-by-hour basis.  
 Irrigation is an artificial supplement 
to increase productivity. The study 
revealed a better model for sustaina-
ble agricultural performance. It is  
estimated that about 70% of water 
resources are used for irrigation 
when water demand already sur-
passes the supply. The researcher 
claims that DRAINMOD can be used 
to mitigate salinisation and improve 
irrigation efficiency. 

DOI: 10.1016/j.jclepro.2018.09.211 

Probiotics in Takrarishta  
Probing the ancient brew 

Fast food fuels the fast pace of life 
today. But at what cost? The nutri-
tional inadequacy of fast foods often 
leads to gastrointestinal diseases 
such as irritable bowel syndrome and 
necrotising enterocolitis. Probiotics, 
as dietary supplements, might pro-
vide a solution for such ailments. 
Traditional fermented preparations 
are known to have probiotic proper-
ties. But Ayurvedic fermented medi-
cines have not been examined for the 
purpose.  
 Now, Bhushan L. Chaudhari and 
team from the Kavayitri Bahinabai 
Chaudhari Maharashtra University, 
Jalgoan explore the past to remedy 
the present. They reproduced a fer-
mented concoction, Takrarishta, 
mentioned in the Charaka Samhita. 
They prepared the slightly alcoholic 
remedy as prescribed by the ancient 
text.  
 Takrarishta has buttermilk as base 
along with a plethora of spices typically 
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available in Indian households. Com-
ponents like harda, amla and  
ajwain are known to inhibit bacterial 
pathogenesis. 
 From Takrarishta, the scientists 
isolated probiotic microorganisms, 
such as Kluyveromyces yeast and 
Lactobacillus. They found that these 
microorganisms can survive the 
stressful conditions of gastric acid 
and bile salt. The scientists say that 
these microbes can even tolerate the 
presence of antibiotics. Takrarishta 
also contains postbiotics that can 
support the immune system locally.  
 This palatable brew may help pre-
vent, or even alleviate acute symp-
toms of gastrointestinal diseases. Its 
organoleptic properties indicate it to 
be an appetiser. Takrarishta might be 
gentle enough for infants and the  
elderly.  
 Further studies are required to eva-
luate the safety of all the bacterial 
isolates in Takrarishta. 

DOI: 10.1016/j.lwt.2018.10.061 

Dragon Slays Cancer 
Capped nanoparticles 

Gold nanoparticles penetrate cells  
efficiently. This can be useful in treat-
ing cancer. Gold nanoparticles are 
usually prepared using reducing 
agents to convert salts to metals. 
However, the chemicals are toxic to 
cells. 

 
Image: SMasters, via Wikimedia Commons  

 Recently, Rohit Srivastava and 
team from the IIT Bombay came up 
with an alternative. They used dragon 
fruit extract to develop a simple, effi-
cient and nontoxic capping for gold 
nanoparticles. Dragon fruit is a proven 
antioxidant and cancer therapeutic.  
 They prepared the nanoparticles by 
vigorously mixing chloroauric acid  

tetrahydrate salt and dragon fruit  
extract in an aqueous solution. The 
team used both dragon fruit extract 
and dragon fruit-capped gold nano-
particles to check toxicity on two 
types of breast cancer cell lines: one 
with hormone receptors and one 
without. The researchers found that 
dragon fruit-capped gold nanopar-
ticles are more effective in the cell 
line with hormone receptors.  
 In the cancer cell line with hormone 
receptors, the extract killed around 
60% of the cells. With dragonfruit 
capped gold nanoparticles, cell death 
increased to around 80%. However, 
more than 20% of normal cells also 
died. 
 Further research on the compound 
profile of dragon fruit extract will re-
veal the active molecule responsible 
for the anticancer property. 

DOI: 10.1016/j.matlet.2018.10.156 

Preventing Tumour Relapse 
Sugar coated nanomedicine 

The drugs used in conventional che-
motherapy to treat cancer patients  
often cause collateral damage to 
healthy cells surrounding cancer 
cells. Moreover, some cancer cells 
are resistant to the action of chemo-
therapeutic drugs. These cancer 
stem cells can regenerate, multiply 
and form tumours again, leading to a 
relapse. Therefore, to prevent tumour 
recurrence, we need to combine 
drugs that target cancer cells with 
those that go for cancer-initiating 
stem cells.  
 Recently, scientists from the Natio-
nal institute of Pharmaceutical Edu-
cation & Research and the Central 
Research Institute of Unani Medicine, 
Hyderabad collaborated to create a 
nanoparticle loaded with two different 
anti-cancer drugs that could be tar-
geted specifically to destroy cancer-
initiating stem cells.  
 They prepared liposomes, less 
than a hundred nanometres in size. 
The tiny spherical vesicles, bound by 
lipid membranes, can carry water  
soluble molecules. And the small size 
helps in transportation to cancer 
cells. 
 The liposomes were made of posi-
tively charged lipid molecules. Elec-

trostatic attraction made it possible 
for the cationic liposome to be coated 
with hyaluronic acid, a negatively 
charged carbohydrate or sugar poly-
mer. Hyaluronic acid receptors are 
present mainly on cancer stem cells. 
This helps target cancer cells, thus 
reducing damage to surrounding 
healthy cells.  
 The researchers loaded the nano-
sized liposomes with Cabazitaxel and 
Silibinin. Cabazitaxel is a drug that 
stops cancer cells from dividing un-
controllably and has been used for 
treating prostate cancer. Silibinin is 
derived from plants that prevent the 
self-renewal of cancer stem cells thus 
reducing the chances of tumour re-
currence.  
 The team tested the anti-cancer  
effects of the nanoparticle on two dif-
ferent immortalised cell lines derived 
from prostate cancer. The results 
were promising. Standard assays to 
check for anti-cancer effects showed 
that the drugs carried by the nano-
particle were successful in preventing 
cancer cells from multiplying, migrat-
ing and forming bigger colonies.  
 Further studies with animal models 
of cancer need to be done before the 
sugarcoated nanomedicine is used 
for clinical trials. 

DOI: 10.1016/j.biopha.2018.11.145 

Safer Food Packaging 
Zinc oxide nanoparticles 

Proper packaging of food can prevent 
food-borne diseases. Zinc oxide nano-
particles can be used in food packag-
ing, due to their antimicrobial and 
antioxidant activities. There are many 
ways to synthesise the nanoparticles, 
but slow growth, cost of production 
and negative environmental impact 
limit their use. Researchers have 
been looking for faster ways to syn-
thesise stable zinc oxide nanopar-
ticles. 
 Recently, K. Byrappa and team 
from the University of Mysore, used 
thyme leaf extract to synthesise zinc 
oxide nanoparticles using a hydro-
thermal process. Thyme, a medicinal 
herb, has reducing and stabilising 
properties.  
 To synthesise the nanoparticles, 
the team added sodium hydroxide to 
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an aqueous zinc nitrate solution and 
introduced the thyme leaf extract in 
different concentrations. They found 
that as the amount of thyme leaf  
extract increased, the size of the zinc 
oxide nanoparticles decreased and 
reached a threshold at 1.5 ml of the 
leaf extract. 
 The researchers say that the 
smaller zinc oxide nanoparticles can 
easily kill bacteria by penetrating the 
cell membrane. The nanoparticles  
also show higher antioxidant activity 
than those produced by other tech-
niques.  
 The researchers now plan to exa-
mine the effect on packaged food to 
convince industries to adopt the 
technique.  

DOI: 10.1016/j.materresbull.2018.09.025 

Oil Waste-water at Barekuri 
Electrocoagulation and microfiltration 

Drilling at oil well sites produces toxic 
drilling mud and oily wastewater. Sev-
eral other industries also discharge  
oil-water emulsions. Adsorption, coa-
gulation, reverse osmosis, flocculation 
and ultrafiltration are used to separate 
oil from oily wastewater. But these me-
thods are slow or require additional 
chemicals. Though some of these  
methods are combined with electro-
coagulation to treat polluted drinking 
water, textile industry wastewater and 
brackish water, they have not been 
tested on oil drilling wastewater.  

 
Image: John Hill, via Wikimedia Commons 

 So, recently, scientists from the IIT 
Guwahati decided to try electrocoagu-
lation followed by microfiltration in 
batch mode to treat oily wastewater. 

 The team collected effluent from the 
Oil India Limited drilling site at the  
Barekuri oil field, Assam. The samples 
had oil, and grease along with several 
metals. The team tested different  
operating parameters such as current 
density, electrode distance and acidity 
to find the optimum results in electro-
coagulation.  
 They used aluminium instead of iron 
electrodes during electrocoagulation, 
to avoid the reddish tinge iron gives to 
the treated water.  
 During electrocoagulation, the team 
observed that the potential difference 
across the electrodes produced large 
amounts of loosely aggregated 
masses or flocs. Floc formation helped 
remove oil and grease as well as un-
wanted metals from the effluent. 
 The scientists prepared a ceramic 
membrane from thermal power plant 
waste slag with high concentrations of 
alumina and silica. They mixed the 
slag with sodium carbonate, boric acid 
and sodium metasilicate. For success-
ful microfiltration, they ensured that 
pore channels in the membrane were 
continuous from top to bottom.  
 With the method, the concentration 
of oil and grease in the effluent re-
duced from 35 g/l to nearly 10 g/l in 
just 20 min. 
 ‘The advantages are lower invest-
ment and operating costs’, says M. 
Paswan, IIT Guwahati. ‘No additional 
chemicals are required for destabilis-
ing the emulsion’, adds M. K. Purkait, 
his colleague. ‘Most importantly, very 
little sludge waste was produced’, says 
M. Changmai, IIT Guwahati. 
 From exploration, through transpor-
tation to consumption, the stages of oil 
production damage the environment. 
The study may help us address the 
troublesome issue of oily wastewater. 

DOI: 10.1016/j.seppur.2018.08.007 

No Stain Cotton 
Self-cleaning cloth 

Cotton is major raw material for the 
textile industry. Cotton clothing is re-
ferred to as the clothing of the poor, 
because of its low cost. But, with its 

water absorbing property, it easily gets 
stained and regular washing brings 
down the cloth’s durability. 
 Researchers at the IIT Dhanbad with 
collaborators at The Ohio State Uni-
versity recently tackled this problem, 
by making liquid repellent cotton. They 
achieved this using a simple tech-
nique – dipping the cloth in a hexa-
decyltrimethoxysilane solution, which 
forms a liquid repellent layer on the 
surface. This layer on cotton cloth 
forms a barrier between the liquid and 
the material, reducing the surface 
energy of the cloth.  
 ‘As a result, the liquid doesn’t stick 
to the cloth, and drains off, without 
leaving a stain’, says Bharat Bhushan, 
The Ohio State University.  
 This has been tested with water, and 
other common household liquids, such 
as coffee, tea and honey, which other-
wise leave stains. The modified cloth 
has antibacterial properties as well. 
Bacterial growth is slow on the sur-
face.  
 ‘The cloth can now withstand harsh 
heat and washing better than normal 
cotton, making it more durable’, adds 
Aditya Kumar, IIT Dhanbad.  
 The liquid repellent cotton cloth 
holds promise for the textile industry. 
So do not be surprised, if, in the near 
future, cotton clothes come with anti-
bacterial and self-cleaning properties. 
However, any reaction to the skin and 
side effect of long-term contact of hexa-
decyltrimethoxysilane with the human 
body are yet to be tested.  

DOI: 10.1016/j.jcis.2018.09.087 

Reports by: Tejinder Singh Chechi, 
Anup Raj, Roopkatha Bhattacharya, 
P. Ramesh, Mohit Rajabhoj, Anand 
C. Reddy, J. H. Akash, Dhanashree, 
Sanghamitra Deobhanj, Soumyajit 
Sanyal and Sushmitha Baskar 
ACKNOWLEDGEMENTS: Vigyan Prasar 
for catalysing a workshop where most of 
the items reported here were written.  
IISER Thiruvanathapuram, for hosting the 
workshop and providing access to scientific 
databases. 

scienceandmediaworkshops@gmail.com 
 



<<
  /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 /sRGB
  /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


