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Farmed Edible Oyster 
Healthier than wild ones 

Indian backwater oyster, Crassostrea 
madrasensis (or Magallana bilineata) 
is a commercially cultivated edible 
oyster species. It is a source of liveli-
hood and empowerment to Kerala’s 
coastal communities. In its native 
habitat, the oyster is known to have 
many parasitic infestations. How do 
they fare in aquaculture conditions? 
 V. Kripa and team from the Central 
Marine Fisheries Research Institute, 
Kochi conducted a comparative study 
on wild and farmed C. madrasensis 
from the Vembanad Lake in Kerala. 
They collected oyster samples from 
natural intertidal reefs and from an 
aquafarm during the dry summer and 
the wet monsoon seasons. They also 
recorded the temperature and salinity 
of the water. 
 The presence of parasites, particu-
larly the protozoan parasite, Perkin-
sus beihaiensis, accounts for high 
intensity infections in the Tuticorin 
Bay. However, in the population un-
der study, it showed low prevalence. 
Comparatively higher prevalence of 
infection was seen during the dry 
season, which may be due to higher 
temperature and salinity that favours 
parasite proliferation, says N. K. 
Sanil, CMFRI, Kochi. 
 Histology studies revealed infec-
tions by the Pea crab, Pinnotheres 
sp., which damages the gills, the mud 
worm, Polydora, which causes shell 
blisters, Cliona sp. which causes 
shell porosis, and boring sponge in-
fections that interfere with shell open-
ing and closing, hampering food 
intake. This affects growth and leads 
to deformed shells. The researchers 
were happy to find that the preva-
lence of these parasites was rela-
tively low in the commercially 
cultivated population under study. 
 The mere presence of parasites in 
a population does not implicate poor 
population health. Oysters can also 
serve as intermediate host to com-
mensalistic reef fauna. The re-
searchers examined various infection 
parameters including prevalence, in-

tensity and the condition index of the 
infected organisms. A lower value of 
this index in wild populations may be 
due to their closeness to the shore 
which directly exposes them to an-
thropogenic effluents and greater 
stress levels, say the researchers. 

 
C. madrasensis with Pea crab in mantle cavity 

Image: G. Suja 

 The results from the study show 
that culture methods used for the 
oysters are beneficial for oyster farm-
ing. However, periodic surveillance is 
strongly recommended for better con-
trol over the chances of disease out-
breaks in cultures, says K. Sunil 
Mohamed, CMFRI, Kochi. 
 ‘Our study provides baseline data 
to help manage the health of wild and 
farmed Indian edible oyster popula-
tions’ says G. Suja, CMFRI, Kochi. 

DOI: 10.1016/j.aquaculture.2019.734548 

Resisting Bacterial Resistance 
Banana peels to the rescue 

T. Ramanathan at the Annamalai Uni-
versity has been searching for mole-
cules that can overcome the virulence 
of bacteria that are resistant to modern 
antibiotics. When he came to know 
that banana leaf and fruit peel have 
been traditionally used in Africa and 
South Asia for treating burns and 
wounds, he and his colleague K. 
Vijayakumar decided to investigate the 
claim. 
 They peeled the fruits of Musa acu-
minata, dried the peels, powdered and 
extracted the phytochemicals with dif-
ferent kinds of solvents – petroleum 
ether, chloroform, ethyl acetate and 
methanol – to search for the active  
ingredients. Then they tested the ex-
tracts on Pseudomonas aeruginosa, a 
bacterium known to be involved in 
skin/wound infections such as burn 
wound sepsis, hot-foot syndrome,  

necrotizing fasciitis, subcutaneous 
nodules, ecthyma gangrenosum, gan-
grenous cellulitis and surgical site in-
fections. The bacteria are also known 
to form biofilms to protect themselves 
against antibiotics. The researchers 
found that the methanol extract inhib-
ited biofilm formation.  
 Now the question was: how does it 
inhibit quorum sensing?  
 The duo found that the methanol ex-
tract at concentrations above 600 mi-
crograms per millilitre inhibits bacterial 
growth. So they started testing it at 
lower concentrations and found that 
400 micrograms per millilitre is ade-
quate to inhibit biofilm formation  
without inhibiting growth. The polysac-
charides that are secreted for biofilm 
formation reduced by more than 80%. 
 Can the extract disrupt the biofilm 
even after it is formed? Microscopic 
examination showed that the mature 
biofilm was disrupted and the bacteria 
broke up into microcolonies. 
 Next the researchers checked the 
known virulence factors of P. aerugi-
nosa – LasA protease, LasB elastase, 
protease, pyocyanin, alginate and 
rhamnolipid production. Spectropho-
tometric assessment showed that 
these factors were reduced when the 
bacterium was treated with the metha-
nol extract. 
 So it was clear that the treatment 
with the methanol extract is impacting 
the transcription of the genes. The 
team followed up with experiments  
using real-time quantitative PCR.  
And they found four genes known  
to be involved with the development  
of antibiotic resistance in the bacte-
rium. All four genes were downregu-
lated. 
 Now the remaining issue was to 
identify the candidate molecules that 
might be responsible for the effect. 
The team fractionated the extract and 
identified the fraction that showed the 
effects. They used gas chromatogra-
phy coupled with mass spectrometry 
and found twenty different compounds 
in the fraction. Three of them seemed 
to be the candidate molecules. So they 
tested each, individually. One of them 
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could inhibit biofilm formation effec-
tively. And the molecule was 5-
Hydroxymethylfurfural. Adding the 
other compounds did not show any 
synergistic action. So 5-Hydroxy-
methylfurfural is indeed the active in-
gredient in the banana peel that can 
stop the bacteria from being virulent, 
without inhibiting the growth of the 
bacteria.  

 
Image: Ahmad Fuad Morad via Flckr 

 Though it might take some time to 
initiate clinical trials for use in humans, 
banana peels can be used in veteri-
nary medicine as adjuvant to antibio-
tics. 

DOI:10.1016/j.jep.2019.112242 

No Till, No Burn 
But fertilise with N 

Organic matter in soil retains plant nu-
trients, improves soil aggregation, re-
duces soil erosion, and enhances 
water holding capacity. However, 
when crops are grown, the mineraliza-
tion of soil organic carbon depletes soil 
stocks by 30–60% – more than the 
case with natural vegetation. So soil 
management strategies are needed to 
increase soil organic carbon stocks in 
agricultural lands. 
 Traditional tillage reduces soil ag-
gregation leading to loss of carbon 
content in the soil. Stubble burning 
also tends to reduce soil organic car-
bon. It is also reported that nitrogen 
fertilisation helps build up soil organic 
carbon. But the combination of no till-
age, stubble retention and nitrogen fer-
tilisation show inconsistent results in 
terms of the various fractions of carbon 
such as stabilized carbon, charcoal 
and labile carbon. Moreover, long-term 
studies on the combination are far too 

few to make farmers confident of 
adopting these soil management prac-
tices. 
 When Pramod Jha from the Indian 
Institute of Soil Science, Bhopal went 
to Australia, he found an opportunity to 
check – the Hermitage Research Sta-
tion of the University of Queensland 
had agricultural plots that were not 
tilled from 1968, years before Masa-
nobu Fukuoka published ‘One Straw 
Revolution’ which initiated organic 
farming in many parts of the world. 
Here was a chance to test conven-
tional tillage against no-tillage, retain-
ing stubble against stubble burning 
and fertilisation with different amounts 
of nitrogen. With help from Australian 
colleagues, he set up 12 different 
treatments in a randomised block  
design. 
 Conventional tillage, stubble burning 
and no-nitrogen fertilisation led to low-
est carbon sequestration. There was 
an increase in soil organic carbon 
when plots were fertilised with nitrogen 
per hectare – an 18% increase with 90 
kilograms of nitrogen per hectare per 
year. After 50 years of no-tillage, stub-
ble retention and application of nitro-
gen, the increase in soil organic 
carbon was 22.2% more than that 
found with conventional tillage, stubble 
burning and no-nitrogen fertilisation. 
 ‘Burning stubble increased the char-
coal carbon concentration in the soil. It 
also increased the nitrate–nitrogen 
concentration. But the stabilized car-
bon concentration decreased and the 
metabolic quotient, an indicator of eco-
logical disturbance, was significantly 
high,’ says Pramod Jha. 
 If farmers in Punjab and Haryana 
follow these soil management prac-
tices, people in the Gangetic plains will 
breathe easy next winter and India will 
move closer to the goals of carbon  
sequestration. 

DOI: 10.1016/j.geoderma.2019.113996 

Persistent Pollutants 
Predicting from descriptors  

There are hundreds of toxic organic 
chemicals that pollute the air, water 
and soil. Some of them are not de-
graded easily. They persist in the envi-
ronment and are transported from the 
location where they are generated. Of-

ten, we recognise the problem much 
later, after a lot of research and only 
after harm is done. Experimental data 
on all such chemicals is difficult to 
generate. Is it possible to theoretically 
predict the persistence of a chemical 
based on its structure and composi-
tion? 
 Last fortnight, Pathan Mohsin Khan 
from NIPER, Kolkata and an interna-
tional team of collaborators identified 
302 persistent organic pollutants and 
collected available experimental data 
on their half-life. 
 They also extracted descriptors of 
the structures of these molecules fo-
cusing on quantifiable descriptors with 
definite physicochemical meaning. For 
example, connectivity indices that give 
topological information of molecular 
structure, constitutional indices that 
represent percentage of elements, 
atom type E-state indices that indicate 
intrinsic pseudo connectivity and 2D 
atom pairs that provide spectral infor-
mation. Since many organic com-
pounds have ring structures, they also 
took ring descriptors that denote the 
number of rings, the size and perime-
ter of the molecule as well as func-
tional group counts and atom-centred 
fragments. To keep the computation 
power required to a minimum, they 
took into account only two-dimensional 
descriptors and avoided three-
dimensional ones. 
 Now the question was – what are 
the features of the molecules that 
make them persistent? There are 
many algorithms for feature selection. 
The researchers used a genetic algo-
rithm to select the most relevant fea-
tures. They selected the descriptors for 
227 molecules for training, to select 25 
variables that might be helpful for pre-
dicting the persistence of organic 
molecules in air. 
 To deal with 25 variables is difficult. 
So what is the best combination of  
descriptors among the selected vari-
ables? To find out, they used best 
subset selection and homed in on six 
two-dimensional descriptors. Using 
partial least squares regression they 
extracted three latent variables from 
the six two-dimensional variables. 
 They tested the theoretical model 
using the descriptors for the remaining 
75 molecules out of the 302 pollutants. 
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 ‘This is a simple, but robust model’, 
says Pathan Mohsin Khan, NIPER, 
Kolkata. 
 ‘Hydrophobicity, presence of hydro-
gen bond acceptor atoms, number of 
halogen atoms and presence of  
R–CH-X fragments in the molecules 
are the main factors that increase the 
half-life of organic chemicals in the  
air’, says Kunal Roy, Jadavpur Univer-
sity. 
 Now, with this model, it is easy to 
predict the atmospheric persistence of 
chemical compounds quickly, using 
only the knowledge of the chemical 
structure of the compounds – a timely 
alternative to costly and time-con-
suming experimental methods. 

DOI: 10.1016/j.jhazmat.2019.121035 

Fishing for Heavy Metals 
Scaling up remediation 

Poisonous heavy metals like cadmium 
and lead, discharged from factories, 
mines, batteries, paints, etc., contami-
nate rivers and soils. These heavy 
metals enter the food chain, causing 
harmful effects to living organisms in-
cluding humans. Accumulation of lead 
and cadmium causes damage in  
kidney, liver, bone and the reproduc-
tive system.  
 Recently, Divya Pal and Subodh 
Kumar Maiti from IIT Dhanbad pro-
posed an easy way to remove the 
heavy metals from a highly contami-
nated aquatic pond in the vicinity of the 
coal city, Dhanbad. The team used fish 
scales as absorbent material to immo-
bilize cadmium and lead in the sedi-
ments.  

 
Image: Rajesh Dangi via Wikicommons 

 Fish scales are easily available 
waste. The scales contain collagen  
fibres and hydroxyapatite besides 
some calcium compounds. Both colla-
gen fibres and hydroxyapatite are 

known to be biosorbents and immobi-
lize dyes and metals.  
 However, raw fish scales could  
absorb less than 50% of cadmium and 
lead metal ions. The researchers 
thought that, if unwanted minerals and 
organic matter are removed from raw 
fish scales, efficiency might increase. 
They tried different methods. Treating 
with alkali, treating with acid, hydro-
thermal treatment… Ultimately they 
realised that hydrothermal treatment 
along with acid for three hours at 150 
degrees Celsius is the best.  
 The material is highly porous with a 
surface area of more than a hundred 
square metres per gram. Biosorbents 
with particle size of about 300 micro-
metres were most effective at pH 6.89, 
very close to the neutral pH. 
 The research team found that sedi-
ments treated with this material can 
immobilize more than 90% of cadmium 
and lead metal ions. Once adsorbed, 
the metal ions did not leach out easily. 
 An estimated 18 to 30 million tonnes 
of fish waste is generated annually and 
mostly discarded or dumped in the 
land or sea leading to environmental 
and health problems, and undesirable 
odours from dumping sites. Using fish 
scales to remove heavy metals from 
contaminated water offers a viable, 
cheap and environmental-friendly ap-
proach to reduce toxic metals and also 
minimize the impact of fisheries on the 
aquatic environment. 

DOI: 10.1016/j.ecoenv.2019.109833 

Spirulina platensis  
For organic dye degradation 

Organic dyes released from the tex-
tile, paper, pharmaceutical, printing, 
leather and cosmetic industries pol-
lute water. While photo-catalysts can 
be used to degrade many of these 
polluting chemicals, the metal-oxide 
nanoparticles used for the purpose 
leave residues in water.  
 Reports show that many algae are 
also capable of degrading dyes. 
These algae accumulate the toxic 
substances which then need to be 
harvested. But it is known that some 
blue-green algae, such as Spirulina 
platensis, also secrete photosensitive 
proteins. And this is available as 
waste from raceway ponds where the 

organism is cultivated for nutraceuti-
cal uses. Can we use the photosensi-
tiser from the waste of algal 
cultivation to remediate water pol-
luted by dyes? 
 M. Chamundeswari and P. Sara-
vanan from the St Joseph’s College 
of Engineering, Chennai set the prob-
lem to their research scholar, Shar-
mila. The team collected the water 
from the raceway ponds at three dif-
ferent companies. The water was 
greenish and contained some amount 
of microalgae. They filtered the algal 
cells out to test the cell-less water. 
 The team selected three different 
dyes: methylene blue, malachite 
green and Congo red, released from 
industries. They mixed the dyes with 
the S. platensis-cultivated wastewa-
ter in different concentrations and 
kept these mixtures in the dark as 
control and in the presence of 
sunlight under different temperature 
ranges, for three hours and kept 
sampling the water every 30 minutes. 
From the absorbance levels they cal-
culated the percentage of dye degra-
dation. 
 ‘Methylene blue and malachite 
green took only one hour to degrade. 
But Congo red took three hours. The 
mixture of organic dyes was com-
pletely decolourised and degraded 
under sunlight within three hours’, 
says Sharmila, St Joseph’s College 
of Engineering, Chennai. 
 In control experiments – in dark 
conditions – this was not the case.  
 The wastewater from the raceway 
ponds contained phycobiliproteins 
along with traces of metal ions. In the 
presence of sunlight, phycobilipro-
teins form complexes with metal ions 
and become active in dye degrada-
tion, says Chamundeswari. 
 It is a simple, light-induced dye 
degrading method, without any 
chemicals. We are using wastewater 
from one industry to treat the waste-
water from others, says P. Sarava-
nan. 
 ‘This cost effective method could 
open new doors for sewage treat-
ment plants’, adds M. Chamunde-
swari. 
 The amounts of the photosensitive 
proteins in the wastewater from the 
three companies varied. So it is  
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important to standardise and to in-
vestigate further, says Sharmila. 

DOI: 10.1016/j.cattod.2018.11.044 

Wastewater Woes 
Sandy solution 

One of the first water purification 
techniques taught to us in school was 
using sand and activated charcoal fil-
ters. Now, researchers from the Shiv 
Nadar University in UP have added 
ultrasonication to this simple idea for 
cleaning wastewater from paper 
mills. 
 The researchers did not use sand 
from river beds. Instead they took 
sand obtained while mining a bore 
well in Ghaziabad, from a confined 
aquifer about 55 metres below. The 
thick greyish-black sand had clay as 
well as carbon nanotubes along with 
a cubic atomic network mesh of low 
atomic number elements – silicon, 
calcium and aluminium – useful in 
adsorbing heavy metal contaminants. 
 The researchers used secondary 
treated paper-mill wastewater as 
model pollutant sample. They mixed 
the wastewater sample with sand 
samples and sonicated this mixture 
using a 30 kilohertz frequency for two 
hours and allowed it to sediment. 
 Ultrasonic waves create succes-
sive regions of positive and negative 
pressure causing nano-to-micro-
sized air bubbles whose volume  
increases on approaching the com-
pressed region. When the bubbles 
collapse, they release high pressures 
of about 400 bars and increase the 
local temperature to about 4500  
degrees Celsius. 
 These hotspots increase the  
mechanical force needed to break 
the closed ring structures in tannins 
and lignins present in wastewater, 
accelerating degradation, say the  
researchers.  
 The sonication released gases and 
these were absorbed by the carbon 
nanotubes. 
 The heavy metals coagulated and 
sedimented with the sand grains. The 
size of the sand grains before ab-
sorption was 100 to 350 nanometres. 
After adsorption the grains were more 
than 800 nanometres. ‘The cubic 

atomic network meshes of silicon, 
calcium and aluminium have a role to 
play in the removal of heavy metal 
ions,’ says Vaibhav Shrivastava, Shiv 
Nadar University, Uttar Pradesh. 
 The wastewater, which was highly 
alkaline, shifted to a near-neutral pH 
and salinity decreased to near pota-
ble quality. The greyish colour of the 
wastewater reduced by about 95% 
and chemical oxygen demand de-
creased by nearly 90%. 
 The researchers now propose a 
low-cost prototype that can be useful 
as an economic solution for wastewa-
ter treatment. 

DOI: 10.1016/j.colsurfa.2019.124107 

A Prey–Predator Model 
Refuge for prey, food for predator 

More than a hundred years ago, Alfred 
Lotka, a physical chemist, examined 
prey–predator systems and found a 
curious phenomenon. When predators 
eat prey in large quantities, the prey 
population falls; the low availability of 
prey impacts predator population, 
which, therefore, start falling; when the 
predator population falls, the prey 
population increases, which, in turn, 
increases the predator population. This 
oscillating steady state was treated 
mathematically by Vito Volterra, a 
physicist and mathematician. Ever 
since, the Lotka–Volterra model has  
attracted researchers from ecology, 
environment and other fields. 
 But there is a problem with the 
model for practical applications. In re-
ality, predators are not dependent on 
only one prey for food. And, often, prey 
has refuge where the predator cannot 
get to it. Moreover, the populations of 
both prey and predator are impacted 
by environmental changes.  
 G. P. Samanta, now a professor of 
mathematics at the Indian Institute of 
Engineering Science and Technology, 
Shibpur has been studying prey–
predator models since the late eight-
ies. Recently he, along with his  
research scholar, Amartya Das, came 
up with a prey–predator model that is 
closer to reality. 
 Additional food can, of course, dis-
tract the predator from prey leading to 
an increase in prey populations. Addi-

tional food can also lead to an in-
crease in predator population leading 
to reduction in prey population. This 
depends on the quality and quantity of 
additional food. Similarly, if the refuge 
for prey is fool-proof, it can even lead 
to extinction of the predator, in the ab-
sence of any additional food. Besides 
the availability of additional food for the 
predator and refuge for the prey, prey–
predator populations are threatened by 
pathogens and other environmental 
factors that impact the populations of 
both. These aspects were introduced 
as stochastic noise in the model, since 
all the factors involved are not known. 
The researchers then analysed the  
issues of extinction and persistence 
under various conditions mathemati-
cally. They used MATLAB for the  
numerical simulation of their model. 
 Thus they could work out the out-
comes from various scenarios. ‘If the 
prey population gets total refuge, 
predator population can be led towards 
extinction,’ says Samanta. ‘And, if prey 
population has no refuge, predator 
population can increase,’ adds Amar-
tya. 
 The prey–predator model with prey 
refuge as well as additional food for 
the predator showed that a stable co-
existence is possible when there are 
more prey refuges. However, beyond a 
point, increase in prey refuge signals 
the extinction of the predator popula-
tion. The model shows that a prey–
predator system where prey refuge is 
dependent on the biomass of preda-
tors is more conducive to a steady 
state where both predators and prey 
can coexist and survive.  
 This model is better than the Lotka–
Volterra model in complex situations 
as in research where predators of ag-
ricultural pests are released to bring 
down the pest infestation of crops. 

DOI: 10.1016/j.physa.2019.122844 

Reports by: Ravindra Jadav, Jenice 
Jean Goveas, G. Sharath Chandra, 
Gita Madhu, P. K. Udham and 
Pavithra P. Nayak 
ACKNOWLEDGEMENT: IISER Pune for 
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


