
The S&T Puzzle 
Congratulations go out to an OPCW laboratory staff  member for solving last month’s puzzle:  
using the sum of  the numbers in each highlighted section of  the completed Sudoko to identify 
the symbols of  elements that can be arranged to spell the name of  a Schedule 1 chemical 
(purple 17 = Cl; red 39 = Y; blue 53 = I; green 18 = Ar; violet 7 = N; pink 16 = S; yellow 8 = 
O; and orange 6 = C).  The complete solution is shown below.  With this win the Verification 
Division goes back to the top of the standings, which are now: VER 6, CTBTO 5, OSP 2, OCS 1, 
and INS 1.

The OPCW Science &
Technology Monitor

A sampling of Science & Technology
Relevant to the Chemical Weapons Convention

Welcome
Welcome to the OPCW Science and Technology Monitor, an occasional bulletin to provide 
updates on developments in science and technology across a broad spectrum of  topics relevant 
to the CWC.  Past issues are available from the Science and Technology section of  the OPCW 
website.
The first issue of  2016 came to our editors on February 29, a day not seen again until 2020.  
This day, occurring every four years, corrects a discrepancy between the 365-day calendar and 
the 365.24219878 days required for the Earth to orbit the sun.  Things, however, are still not 
perfect; a tiny error remains in the Gregorian calendar, enough to recommend canceling leap 
year every 3,200 years – a change that would still give us a one day error every 100,000 years.  
We mention this as a reminder that many seemingly simple and certain things hide more com-
plex dimensions; dimensions we look to report on as our Science and Technology Monitor begins 
its third volume.
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In this issue’s edition of  the puzzle (which can be found on the last page of  this newsletter), 
we ask you to navigate a dangerous maze.  Along the way, you must find and dispose of  bar-
rels of  VX by transporting them to the correct location. Be Careful! The green area has been 
contaminated by VX and can only be entered if  you have appropriate equipment (equipment 
that you can find along the way). You will receive Bonus Points for the correct identification of  
the chemicals in the barrels at locations 10-13, but you will Lose Points if  you pick up things 
you don’t need! The first person to successfully navigate the maze wins the prize: your choice 
of  requesting a featured topic, designing a puzzle or receiving a beverage hand selected by the 
Science Policy Adviser. Send answers by email. Good luck!
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News and Updates
Recent reports and publications:

Forensic Science and Beyond, 2015 Annual Report from UK Government Chief  Science Advi-
sor.

Chemistry and Engineering News 2015 Pharma Year in Review.

Infectious disease control and elimination: Modelling the impact of  improved diagnostics, a 
Nature Supplement.

Risk and Benefit Analysis of  Gain of  Function Research report from Gryphon Scientific.

Developments in automation and commercialization of  synthetic biology from 2015.

Digital DNA: The Nagoya Protocol, Intellectual Property Treaties, and Synthetic Biology.

World Intellectual Property Indicators – 2015 Edition.

Global Innovation Index 2015.

A multilingual terminology portal of  scientific and technical terms derived from patent docu-
ments, WIPO Pearl.

January 2016 issue of  Dstl’s inSIGHT.

Assessing Health Outcomes Among Veterans of  Project SHAD (Shipboard Hazard and De-
fense).

Chemical weapons in Syria: The reports 2013–2016 and the first report of  the OPCW-UN Joint 
Investigative Mechanism.

Use of  Chemical, Biological, Radiological and Nuclear Weapons by Non-State Actors: Emerg-
ing Trends and Risk Factors.

Global Risks Report 2016.

A look at one second on the internet.

Visualising the Worlds Scientific Collaborations.

Science and education tools and resources:
Science Apps from the American Association for the Advancement of  Science.

STEM activities, lessons, and resources for parents and educators from Science Friday.

Alternative metrics that allow researchers to gauge the impact and reach of  their research in the 
social web from SciDev.net.

The 2015 Global Monitoring Report – Education for All 2000-2015: Achievements and Chal-
lenges.

Science and Engineering Indicators 2016 from the National Science Foundation. 

A Changing Sector: Where is science communication now?  A report on science communication from 
The British Science Association (BSA).

Doing Global Science: A Guide to Responsible Conduct in the Global Research Enterprise.

Open Source Patent Analytics.

Science Fun
It is often said that modern 
science and technology move 
forward at an ever increasing 
pace, burying anyone trying to 
keep up with it all under an av-
alanche of  information.  What 
this means in practical terms, 
is that we find ourselves con-
tinually asking, what did we 
miss? And this question, or 
more specifically “what did we 
miss in 2015” is the topic for 
this edition of  Science Fun.

Light as a wave and a particle.     
Image by Fabrizio Carbone/EPFL

The year 2015 was full of  sci-
ence (some quite attention 
grabbing), fun technologies, 
virtual reality and even inno-
vations for social good!  Did 
you know a new hominid 
species called homo naledi was 
discovered in South Africa?  
That light was simultaneously 
photographed in its wave and 
particle forms for the very first 
time?  Or that a solar powered 
plane, Solar Impulse 2, flew 
from Abu Dhabi to Hawaii?  
Science even proved a few tru-
isms, like the one about the 
brontosaurus existing only in 
popular culture, to be false!

Moving beyond the 52 weeks 
of  chemistry, developments in 
the life and medical sciences 
included discovery of  a new 
class of  antibiotics and the 
long-sought ‘missing link’ be-
tween the immune system and 
the brain.  Of  course, in the 
life sciences, gene-editing took 
the spotlight (and we’ll come 
back to that in this issue’s fea-
ture on CRISPR/CAS9). 

https://www.gov.uk/government/publications/forensic-science-and-beyond
http://cen.acs.org/articles/93/i48/2015-Pharma-Year-Review.html
http://www.nature.com/nature/supplements/collections/npgpublications/diagnostics-modelling/index.html
http://www.gryphonscientific.com/wp-content/uploads/2015/12/Final-Gain-of-Function-Risk-Benefit-Analysis-Report-12.14.2015.pdf
http://blogs.plos.org/synbio/2015/12/28/synbio-is-booming/
http://www.synbioproject.org/publications/digital-dna-nagoya-protocol/
http://www.wipo.int/ipstats/en/wipi/
http://www.wipo.int/econ_stat/en/economics/gii/
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http://www.un.org/ga/search/view_doc.asp?symbol=S/2016/142
https://www.lloyds.com/news-and-insight/risk-insight/library/society-and-security/cbrn
https://www.lloyds.com/news-and-insight/risk-insight/library/society-and-security/cbrn
http://www.weforum.org/reports/the-global-risks-report-2016
http://onesecond.designly.com/
http://www.storybench.org/how-a-boutique-data-design-company-visualized-global-scientific-collaboration-for-nature-magazine/
http://sciencenetlinks.com/collections/science-apps/
http://www.sciencefriday.com/educate/
http://www.scidev.net/global/communication/practical-guide/altmetrics-audience-connect-research.html
http://en.unesco.org/gem-report/report/2015/education-all-2000-2015-achievements-and-challenges#sthash.p7G8D3of.dpbs
http://www.nsf.gov/statistics/2016/nsb20161/
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http://www.interacademycouncil.net/24026/29429.aspx
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http://www.sciencemag.org/news/2015/12/best-2015
http://www.eurekalert.org/multimedia/pub/87545.php
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http://www.nature.com/news/2015-1.19007
http://www.scientificamerican.com/article/the-most-popular-science-studies-of-the-year/
http://www.scientificamerican.com/article/the-most-popular-science-studies-of-the-year/
http://www.popsci.com/best-of-whats-new-2015
http://www.technologyreview.com/news/544866/the-6-most-important-things-that-happened-in-virtual-reality-in-2015/
http://mashable.com/2015/12/20/social-good-innovations-2015/#um9AHM5XVaqr
http://mashable.com/2015/12/20/social-good-innovations-2015/#um9AHM5XVaqr
http://www.scientificamerican.com/article/mysterious-new-human-species-emerges-from-heap-of-fossils/
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http://www.bbc.com/news/science-environment-33362290
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http://www.compoundchem.com/2015/12/27/tyic2015/
http://2015.cenmag.org/
http://www.bbc.com/news/health-30657486
http://www.bbc.com/news/health-30657486
http://www.scientificamerican.com/article/important-link-between-the-brain-and-immune-system-found/
http://www.scientificamerican.com/article/important-link-between-the-brain-and-immune-system-found/
http://www.scientificamerican.com/article/important-link-between-the-brain-and-immune-system-found/
http://europepmc.org/abstract/med/26755333
http://www.sciencedirect.com/science/article/pii/S1097276515001641
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Sea Dumped Chemical Weapons
The need for suitable disposal methods for chemical munitions long predates the Chemical 
Weapons Convention. In the past, militaries looked to the vast oceans as a means for 
chemical warfare agents and munitions to lose their toxic properties through natural chemical 
decomposition.  Between the two world wars and especially during the years following World 
War II, massive amounts of  chemical munitions were dumped into the seas around the world.  
The dumped materials include chemical munitions, such as artillery shells, smoke candles, 
aircraft bombs, as well as bulk chemicals.  It is estimated that several hundred-thousands of  
tonnes of  chemical weapons have been disposed of  at sea.

Although many disposal operations were carefully undertaken, munitions were sometimes 
jettisoned from ships as they travelled toward their selected dump sites and wooden casks 
containing munitions have occasionally washed up on-shore, scattering munitions well beyond 
the over one-hundred twenty-five known dump sites. Furthermore, chemical munitions have 
been caught by fishermen and munition related chemicals have been found in sea floor sediments 
beyond the boundaries of  known dump sites.

In neuroscience we saw the 
creation of  fully-functioning 
artificial neurons, the devel-
opment of  injectable implants 
for studying brain function and 
the ability to transmit the sense 
of  touch from a paralyzed pa-
tient’s prosthetic hand directly 
to his brain. Physicists made 
progress toward quantum 
computing, achieving quan-
tum entanglement on a silicon 
chip and proving that it is pos-
sible to write and manipulate a 
quantum computer code.

2015 was a transformative year 
in energy with plunging oil 
prices and breakthroughs in 
nuclear fusion technology and 
reactor design. It was a year 
that saw science fiction come 
to life, companies get serious 
about bringing internet access 
to the entire planet (and run 
into setbacks), new medical di-
agnostic codes to deal with the 
dark sides of  new technologies 
and the use of  3D printing for 
preservation of  endangered ar-
chaeological sites.

Science in 2015 was not with-
out its ethical dilemmas and 
contentious issues.  An agree-
ment was reached at the Paris 
Climate talks, the war in Syria 
prompted the first retrieval of  
seeds from the Svalbard Global 
(“doomsday”) Seed Vault and 
new technologies solved old 
problems by replacing them 
with new ones! 

Moving into 2016, the anal-
ysists are already identifying 
what are sure to be the top 
break-through technologies 
and research trends; here is 
what is coming (think robots 
and virtual reality), what to 
look out for and a look ahead! 
What about the analyst’s best 
picks of  2015?  How many of  
them failed? How many of  the 
predictions came true in 2015?  
How many of  the 2015 tech-
nologies led to some unexpect-
ed outcomes?  No matter what 
happens, we are looking for-
ward to looking back at 2016 
to see how it all turned out!

Some News from the World of Science & Technology:
From the weeks of  6 – 12 and 13 – 19 December 2015; 20 December 2015 – 2 January 2016; 
3 - 9,  10 – 16,  17 – 23 and 24 – 30 January 2016; 31 January 2016 – 6 February 2016; and 
7 – 13, 14 – 20 and 21 – 26 February 2016 in chemistry.

Collecting samples near sea-dumped munitions off the coast of Hawaii. Image by University of Hawaii

Chemical munitions found in the dump sites raise serious concerns about risks to human health 
and the environment; especially where chemicals with high environmental persistence are 
involved.  Activities such as laying of  cables, trawling, dredging, and drilling can disturb dump 
sites (requiring appropriate risk assessments before undertaking such projects).  Furthermore, 
corrosion of  munitions and containers allows chemicals to leak into the marine environment. 
High levels of  arsenic in sediments near lewisite dumpsites and blister agent exposure in species 
of  fish near sulphur mustard dumpsites have been observed.

Much of  the published work on environmental effects of  sea dumped chemical weapons has 
focused on the Baltic Sea through the Chemical Munitions Search & Assessment (CHEMSEA) 
Project and the work of  the Baltic Marine Environment Protection Commission - Helsinki 
Commission (HELCOM).

The environmental fate and transport of  sea dumped chemical weapons is influenced by 
the marine environment itself  (temperature, salinity, pH), the materials used to contain the 
chemicals and the physicochemical properties of  individual chemical agents.  As with all marine 

http://www.mustardgas.org/Chemical-Warfare-Agent-Sea-Dumping-off-Australia.pdf
http://www.mustardgas.org/Chemical-Warfare-Agent-Sea-Dumping-off-Australia.pdf
http://www.mustardgas.org/Chemical-Warfare-Agent-Sea-Dumping-off-Australia.pdf
http://www.tandfonline.com/doi/full/10.3109/15563650.2015.1121272
http://www.tandfonline.com/doi/full/10.3109/15563650.2015.1121272
http://www.peacepalacelibrary.nl/ebooks/files/UNIDIR_pdf-art2963.pdf
http://www.peacepalacelibrary.nl/ebooks/files/UNIDIR_pdf-art2963.pdf
http://www.sciencedirect.com/science/article/pii/S0967064515000284
http://www.nonproliferation.org/chemical-weapon-munitions-dumped-at-sea/
http://helcom.fi/baltic-sea-trends/hazardous-substances/sea-dumped-chemical-munitions
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https://www.technologyreview.com/s/544896/our-energy-transformation-in-2015/
https://www.technologyreview.com/s/544896/our-energy-transformation-in-2015/
https://www.technologyreview.com/s/544896/our-energy-transformation-in-2015/
http://www.sciencemag.org/news/2015/08/exclusive-secretive-fusion-company-claims-reactor-breakthrough
http://www.sciencemag.org/news/2015/08/exclusive-secretive-fusion-company-claims-reactor-breakthrough
http://www.sciencemag.org/news/2015/10/bizarre-reactor-might-save-nuclear-fusion
http://www.wired.com/2015/12/science-fiction-that-came-to-life-this-year/
http://www.wired.com/2015/12/science-fiction-that-came-to-life-this-year/
http://www.technologyreview.com/news/544861/how-facebook-and-googles-plans-to-boost-internet-access-advanced-in-2015/
http://www.technologyreview.com/news/544861/how-facebook-and-googles-plans-to-boost-internet-access-advanced-in-2015/
http://www.technologyreview.com/news/544861/how-facebook-and-googles-plans-to-boost-internet-access-advanced-in-2015/
http://www.technologyreview.com/news/544861/how-facebook-and-googles-plans-to-boost-internet-access-advanced-in-2015/
https://www.sciencenews.org/article/cow-bites-and-spacecraft-injuries-enliven-new-medical-diagnostic-codes
https://www.sciencenews.org/article/cow-bites-and-spacecraft-injuries-enliven-new-medical-diagnostic-codes
https://www.sciencenews.org/article/cow-bites-and-spacecraft-injuries-enliven-new-medical-diagnostic-codes
http://www.newpalmyra.org/
http://www.newpalmyra.org/
http://www.newpalmyra.org/
http://news.discovery.com/tech/biotechnology/head-transplants-and-other-ethical-dilemmas-from-2015-151220.htm
http://www.nature.com/news/parisclimate-1.17532
http://www.nature.com/news/parisclimate-1.17532
http://www.nature.com/news/parisclimate-1.17532
http://www.reuters.com/article/us-mideast-crisis-seeds-idUSKCN0RL1KA20150921
http://www.reuters.com/article/us-mideast-crisis-seeds-idUSKCN0RL1KA20150921
http://www.reuters.com/article/us-mideast-crisis-seeds-idUSKCN0RL1KA20150921
http://www.reuters.com/article/us-mideast-crisis-seeds-idUSKCN0RL1KA20150921
https://www.technologyreview.com/s/544891/2015-in-biomedicine-baby-engineering-spray-on-gmos-and-cancer-cures/
https://www.technologyreview.com/s/544891/2015-in-biomedicine-baby-engineering-spray-on-gmos-and-cancer-cures/
https://www.technologyreview.com/s/544891/2015-in-biomedicine-baby-engineering-spray-on-gmos-and-cancer-cures/
https://www.technologyreview.com/lists/technologies/2016/#/set/id/600869/
https://www.technologyreview.com/lists/technologies/2016/#/set/id/600869/
https://www.technologyreview.com/lists/technologies/2016/#/set/id/600869/
https://www.technologyreview.com/lists/technologies/2016/#/set/id/600869/
http://www.sciencemag.org/news/2015/12/look-ahead-2016-what-research-trends-will-be-hot-and-what-will-not
https://www.bbvaopenmind.com/en/the-science-coming-in-2016/
http://www.technologyreview.com/news/545056/5-robot-trends-to-watch-for-in-2016/
https://www.technologyreview.com/s/545011/four-important-things-to-expect-in-virtual-reality-in-2016/
http://www.nature.com/news/the-science-to-look-out-for-in-2016-1.19073
http://www.nature.com/news/the-science-to-look-out-for-in-2016-1.19073
http://nasa.tumblr.com/post/136334380779/nasa-2016-look-ahead
https://www.technologyreview.com/s/544996/10-breakthrough-technologies-of-2015-where-are-they-now/
https://www.technologyreview.com/s/544996/10-breakthrough-technologies-of-2015-where-are-they-now/
https://www.technologyreview.com/s/544966/the-6-biggest-technology-failures-of-2015/
https://www.technologyreview.com/s/544966/the-6-biggest-technology-failures-of-2015/
http://gizmodo.com/the-most-futuristic-predictions-that-came-true-in-2015-1748316739
http://gizmodo.com/the-most-futuristic-predictions-that-came-true-in-2015-1748316739
https://www.technologyreview.com/s/544966/the-6-biggest-technology-failures-of-2015/
https://www.technologyreview.com/s/544966/the-6-biggest-technology-failures-of-2015/
https://www.technologyreview.com/s/544966/the-6-biggest-technology-failures-of-2015/
http://www.compoundchem.com/2015/12/13/twic13122015/
http://www.compoundchem.com/2015/12/20/twic20122015/
http://www.compoundchem.com/2016/01/03/twic03012016/
http://www.compoundchem.com/2016/01/10/twic10012016/
http://www.compoundchem.com/2016/01/17/twic17012016/
http://www.compoundchem.com/2016/01/24/twic24012016/
http://www.compoundchem.com/2016/01/31/twic31012016/
http://www.compoundchem.com/2016/02/07/twic07022016/
http://www.compoundchem.com/2016/02/14/twic14022016/
http://www.compoundchem.com/2016/02/21/twic21022016/
http://www.compoundchem.com/2016/02/28/twic28022016/
https://manoa.hawaii.edu/news/attachments/img6814_4628l.png
http://pubs.acs.org/doi/abs/10.1021/es903472a
http://pubs.acs.org/doi/abs/10.1021/es903472a
http://aop.sagepub.com/content/42/2/237.abstract
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012730
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012730
http://www.sciencedirect.com/science/article/pii/S0304389412002142
http://www.sciencedirect.com/science/article/pii/S0967064515000788
http://www.sciencedirect.com/science/article/pii/S0048969710000021
http://www.sciencedirect.com/science/article/pii/S0048969710000021
http://www.tandfonline.com/doi/abs/10.1080/02757540802657177?journalCode=gche20
http://www.chemsea.eu/admin/uploaded/CHEMSEA Findings.pdf
http://www.chemsea.eu/admin/uploaded/CHEMSEA Findings.pdf
http://helcom.fi/
http://pubs.acs.org/doi/pdf/10.1021/cr0780098


OPCW Science and Technology MonitorPage 4

Precision Agriculture
How much thought have you given to the potential of  combining emerging and innovative 
technologies such as spectral sensors, cloud computing, artificial intelligence and unmanned 
automated systems to control chemical usage and delivery?  Were you aware that this potential 
is being realised in the world of  farming, where integrated technologies are handling chemicals 
such as fertilizers, herbicides and pesticides?  We are, of  course, talking about what is often 
referred to as “precision farming”, “precision agriculture” or “site specific crop management.”

OPCW Calendar of  Events 
October to December 2015.

6 – 10 March 2016 
Pittconn 2016 

Atlanta, GA, USA

13 – 17 March 2016
251st American Chemical Society 
National Meeting & Exposition

San Diego, CA, USA

15 March 2016
Generic Integrated Forensic 

Toolbox (GIFT) Midway 
Conference

Brussels, Belgium

16 – 19 March 2016
16th Asian Chemical Congress

Dhaka, Bangladesh.

21 – 23 March 2016
Biomarker Summit 2016

San Diego, CA, USA.

4 – 5 April 2016
Global Chemists Code of  

Conduct Workshop
Kuala Lumpur, Malaysia

Upcoming S&T 
Related Events

The Design by Biomedical 
Undergraduate Teams 
(DEBUT) challenge is 
a competition open to 
undergraduate student 

teams working on innovative 
solutions to unmet health 

and clinical problems.

The Air Liquide Essential 
Molecules Challenges: Sunny 

H2 in a bottle, Pocketable 
small molecules, and CO2, 

give back your O2!

Interested in building a 
nuclear security innovation 

network?  Take the N-Square 
Challenge!

Outcomes of  crowdsourcing: 
how playing video games can 
lead to becoming an author 
on a peer-reviewed scientific 

paper.  An example from 
the world of  RNA structure 

prediction.

Crowdsourcing
environments, the dumped chemicals and their containers become part of  the ecosystem, 
influencing microbiota and benthic communities, acting as potential reefs (even when there is 
detectable leakage of  chemicals) and increasing the risk of  genotoxicity in fish (especially those 
found at known dumpsites).  Integrated ecotoxicological studies of  both sediments and marine-
life are necessary to fully understand the ecological impact.

In regard to sampling and analysis, the large amounts of  sulphur mustard munitions disposed 
of  at sea and the high persistence of  this chemical agent and its degradation products in deep-
marine environments has yielded gas chromatography/mass spectrometry based methods for 
rapid analysis of  sediments.

Disposal of  chemical weapons at sea by some nations came to an end with the entry into force 
of  the London Convention on the Prevention of  Marine Pollution by Dumping of  Wastes and 
Other Matter in 1975.  Under the Chemical Weapons Convention, sea dumping is not allowed, 
however States Parties are not obligated to declare or destroy sea-dumped chemical weapons 
that had been disposed of  before 1 January 1985 (see Article III paragraph 2 and Article IV 
paragraph 17).  A number of  Chemical Weapons Convention States Parties and the International 
Dialogue on Underwater Munitions (IDUM) have called for further action on the issue.  For 
those interested, IDUM posts materials (including technical reports and presentations) from its 
conferences online.

The precise management of  crops involves combining positioning systems (GPS) with sensor 
and communication networks (including unmanned aerial vehicle mounted systems, that’s right, 
farming drones) which collect and map data across the fields of  a farm and even individual 
plants or trees.  GPS has allowed tractors to be equipped with automated steering systems that 
reduce redundancy in planting, fertilizing and spraying.  With the integration of  sensor data, 
elevation, drainage and crop yield maps can be produced in real time. Hyperspectral imaging can 
measure chlorophyll and water content in the leaves of  plants, measurements directly related to 
plant health; while a variety of  other sensor technologies can provide actionable information 
on soil properties.  Visible and infrared sensors can detect ripe fruit; these types of  sensors in 
combination with other data inputs can be used to autonomously detect weeds or grow grapes 
that produce better wine (while consuming the least amount of  resources).

With all the sensing technologies, the farm effectively becomes an “internet of  things” where 
all collected data streams are wirelessly transmitted to a cloud server, integrated with other data 
sources (weather and meteorological data for example) and analysed.  With data being collected 
and analysed in real-time, immediate decision making is possible; for example combining a sap 
flow measurement with wind speed and cloud cover information to pinpoint the exact time to 
provide water (and the exact amount to provide) at a precision vineyard.

Chlorophyll Index mapping of olive orchards. 
Image from Wikipedia

A drone equipped with Near Infrared sensors and Cloud access. 
Image by Cesar Harada 

http://techcrunch.com/2015/11/26/djis-latest-drone-saves-crops-from-pests/
http://techcrunch.com/2015/11/26/djis-latest-drone-saves-crops-from-pests/
https://www.youtube.com/watch?v=A8-U2Izq0hQ
https://www.youtube.com/watch?v=nlS8nVaI698
https://www.youtube.com/watch?v=nlS8nVaI698
http://www.techtimes.com/articles/51049/20150506/faa-approves-yamaha-rmax-drone-to-spray-crops-in-u-s.htm
http://earthobservatory.nasa.gov/Features/PrecisionFarming/
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6734/abstract;jsessionid=082B2726292589113A857A4518A2C33D.f03t04
https://www.opcw.org/fileadmin/OPCW/S_series/2016/en/s-1352-2016_e_.pdf
https://www.opcw.org/fileadmin/OPCW/S_series/2016/en/s-1352-2016_e_.pdf
http://pittcon.org/exposition/
http://www.acs.org/content/acs/en/meetings/spring-2016.html
http://www.acs.org/content/acs/en/meetings/spring-2016.html
https://giftforensics.eu/events/
https://giftforensics.eu/events/
https://giftforensics.eu/events/
http://www.16acc.org/about_acc.php
https://www.gtcbio.com/conferences/biomarkers-summit-overview
https://venturewell.org/students/debut/
https://venturewell.org/students/debut/
https://venturewell.org/students/debut/
https://ninesights.ninesigma.com/web/essential-molecules-challenge
https://ninesights.ninesigma.com/web/essential-molecules-challenge
https://www.innocentive.com/ar/challenge/9933708
https://www.innocentive.com/ar/challenge/9933708
http://www.sciencemag.org/news/2016/02/rna-paper-based-computer-game-authorship-creates-identity-crisis
http://www.sciencemag.org/news/2016/02/rna-paper-based-computer-game-authorship-creates-identity-crisis
http://www.sciencemag.org/news/2016/02/rna-paper-based-computer-game-authorship-creates-identity-crisis
http://www.sciencemag.org/news/2016/02/rna-paper-based-computer-game-authorship-creates-identity-crisis
http://www.sciencedirect.com/science/article/pii/S0022283615006567
http://www.sciencedirect.com/science/article/pii/S0022283615006567
http://www.sciencedirect.com/science/article/pii/S0141113609000397
http://www.sciencedirect.com/science/article/pii/S0967064515004439
http://smithsonianscience.si.edu/2015/07/old-bombs-chemical-weapons-now-home-for-deep-sea-starfish/
http://www.sciencedirect.com/science/article/pii/S0967064515000272
http://www.sciencedirect.com/science/article/pii/S0141113613001463
http://www.sciencedirect.com/science/article/pii/S0025326X15302526
http://www.sciencedirect.com/science/article/pii/S0025326X15302526
http://link.springer.com/article/10.1007%2Fs00227-005-0216-x
http://link.springer.com/article/10.1007%2Fs00227-005-0216-x
http://www.sciencedirect.com/science/article/pii/S0967064515000430
http://www.sciencedirect.com/science/article/pii/S0967064515000430
http://www.sciencedirect.com/science/article/pii/S0021967315017598
http://www.sciencedirect.com/science/article/pii/S0021967315017598
http://www.imo.org/en/OurWork/Environment/LCLP/Pages/default.aspx
http://www.imo.org/en/OurWork/Environment/LCLP/Pages/default.aspx
https://www.opcw.org/chemical-weapons-convention/
https://www.msz.gov.pl/resource/b89358fa-7ba1-4d16-ba5e-f37e73a9c55c:JCR
http://www.underwatermunitions.org/index.php
http://www.underwatermunitions.org/conference.php
http://www.underwatermunitions.org/conference.php
http://www.mdpi.com/1424-8220/11/7/6656/htm
http://www.mdpi.com/1424-8220/11/7/6656/htm
http://www.mdpi.com/2072-4292/6/11/11051/htm
https://www.technologyreview.com/s/526491/agricultural-drones/
http://www.mdpi.com/1424-8220/15/8/18587/htm
http://www.mdpi.com/1424-8220/15/8/18587/htm
http://link.springer.com/article/10.1007%2Fs12355-011-0098-9
http://www.sciencedirect.com/science/article/pii/S0341816212002202
https://surfaceoptics.com/applications/precision-agriculture-hyperspectral-sensors/
http://www.spectroscopyonline.com/simultaneous-measurement-chlorophyll-and-water-content-navel-orange-leaves-based-hyperspectral-imagi
http://cropwatch.unl.edu/ssm/sensing
http://www.sciencedirect.com/science/article/pii/B9780123942753000031
http://www.sciencedirect.com/science/article/pii/B9780123942753000031
http://www.sciencedirect.com/science/article/pii/S0925521413002135
http://onlinelibrary.wiley.com/doi/10.1002/ps.3677/abstract
https://fruitionsciences.com/en/home
https://fruitionsciences.com/en/home
https://www.opcw.org/fileadmin/OPCW/Science_Technology/Monitor/OPCW_S_T_Monitor_2_11.pdf
http://uk.businessinsider.com/big-data-and-farming-2015-8?r=US&IR=T
http://www.mdpi.com/1424-8220/9/6/4728/htm
http://www.research.ibm.com/articles/precision_agriculture.shtml
http://www.technologist.eu/growing-perfect-grapes/
http://www.technologist.eu/growing-perfect-grapes/
http://www.wired.com/2014/10/high-tech-vineyards/
https://upload.wikimedia.org/wikipedia/commons/b/b1/Chlorophyll_Concentration.jpg
https://www.flickr.com/photos/worldworldworld/24027403284 
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6 – 8 April 2016
XXI IUPAC CHEMRAWN 

Conference
Solid Urban Waste Management

Rome, Italy.

15 April 2016
Meeting of  the Expert Working 

Group on Green Chemistry
OPCW Headquarters

The Hague, The Netherlands

18 – 22 April 2016
23rd Session of  OPCW SAB

OPCW Headquarters
The Hague, The Netherlands

26 – 27 April 2016
BWC Preparatory Committee for 

the Eighth Review Conference
Geneva, Switzerland

2 May – 10 June 2016
2016 Spring ConfChem: Science, 

Disarmament, and Diplomacy 
in Chemical Education: The 

Example of  the Organisation 
for the Prohibition of  Chemical 

Weapons.
A virtual Conference

Papers will be posted on a weekly 
basis followed by online questions 

and comments.

2 – 4 May 2016
International Day for the 

Foundation of  the Organisation 
for the Prohibition of  Chemical 
Weapons (“Chemical Safety and 

Security in a Technologically 
Evolving World”)

OPCW Headquarters
The Hague, The Netherlands

Examples of  what is possible include: the use of  moisture and salinity probes to help manage 
valuable water resources; smart flytraps that can give farmers early warnings about pest 
infestations; wasp larvae-delivering drones for biological pest control; smart greenhouses; 
fluorescent seed coatings that can aid in the development of  fully automated weed management 
systems (a further use of  unmanned technologies); and apps for wearable devices (Google Glass) 
that can quantify chlorophyll levels in real time (details here).  The future will see technologies 
employed for improved plant virus epidemiology and the continued development of  big data 
analytics for enhancing crop yields.

The large-scale applications of  precision farming may be expensive, yet the low cost nature of  
sensors and the ability to share data across mobile networks still provide affordable technological 
solutions for smaller farms and developing regions.  For example, open-source farming machines; 
and the combination of  hand-held crop sensors and mobile apps for tailoring plant nutrient 
management directly to the type of  crop, soil and weather conditions on any individual farm. 

What is the driver behind technology integration into farming?  There are of  course  cost savings, 
the efficient use of  resources and environmental management; and at the same time a realization 
that Earth’s human population will rise from today’s 7.3 billion people to about 9.5 billion by 
2050.  Agricultural production will need to keep up with a higher demand for food, especially 
in developing regions of  the world.  With such an increase in scale, farming practices will need 
to cope with resource constraints and the effects of  climate change.  Precision farming based 
technological solutions are but one dimension of  meeting these challenges, ecologically and 
environmentally sound farming practices, new types of  (urban) farms, microbial biotechnology 
and nanotechnologies may also play a role.

CRISPR/CAS9
Gene-editing technologies, while 
not new, made headlines in 2015 
as CRISPR/CAS9 captured the 
attention of  the science world 
and beyond! Gene-editing is 
transforming life science research 
and the sectors where it finds 
application (medicine, agriculture, 
industrial biotechnology and 
more) and some believe that it 
could even transform the future 
of  our species, generating much 
discussion on bioethics and 
biosecurity.   The headlines continue 
with on-going patent lawsuits; a 
top US official calling gene editing 
a WMD threat; disputes over 
the history of  CRISPR/CAS9; 
the United Kingdom granting a 
team of  scientists working on early development research a license to edit human embryos; 
visualization of  CRISPR/CAS9 in action at the molecular level (details here); and the first IPO 
for a CRISPR/CAS9 based therapeutic company, Editas Medicine, raising $94.4 million (for 
those interested in the SEC filing click here) all in the first two months of  2016!

The genome-editing tool CRISPR/CAS9 represents a step forward from zinc finger nucleases 
(ZFN) and transcription activator-like effector nucleases (TALEN); especially in regard to cost, 
ease of  use and predictability of  results compared to the earlier technologies (as described in the 
linked articles). The cost has been especially relevant in the diffusion of  this technology away 
from only well-funded organisations and into the hands of  researchers in smaller laboratories 
(there are even kits available for Do-It-Yourself  Biologists; however, there is more to using the 
technology than just buying a kit).

Image from Business Insider

5 May 2016
Science Diplomacy 2016
Washington DC, USA

26 – 28 May 2016
23rd Symposium on Chemical and 

Science Education 
TU Dortmund, Germany

30 May – 3 June 2016
European Space Solutions

The Hague, The Netherlands

1 – 2 June 2016
CBRNeConvergenceAsia

Tokyo, Japan

http://www.iupac-rome2016.it/
http://www.iupac-rome2016.it/
http://www.iupac-rome2016.it/
http://www.unog.ch/80256EE600585943/(httpPages)/EA67F4ECEF3FD3C4C1257F39003C1347?OpenDocument
http://www.unog.ch/80256EE600585943/(httpPages)/EA67F4ECEF3FD3C4C1257F39003C1347?OpenDocument
http://confchem.ccce.divched.org/2016SpringConfChem
http://confchem.ccce.divched.org/2016SpringConfChem
http://confchem.ccce.divched.org/2016SpringConfChem
http://confchem.ccce.divched.org/2016SpringConfChem
http://confchem.ccce.divched.org/2016SpringConfChem
http://confchem.ccce.divched.org/2016SpringConfChem
http://www.opcwday.org
http://www.opcwday.org
http://www.opcwday.org
http://www.opcwday.org
http://www.opcwday.org
http://www.opcwday.org
http://www.bbc.com/news/business-14392244
http://www.bbc.com/news/business-14392244
http://www.bbc.com/news/technology-21929307
http://www.bbc.com/news/technology-21929307
https://ec.europa.eu/eip/agriculture/en/news/inspirational-ideas-dealing-pests-air
http://www.cigr.org/Proceedings/uploads/2013/0150.pdf
http://universityofcalifornia.edu/news/faster-more-accurate-robotic-cultivator
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1079&context=westcentresext
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1079&context=westcentresext
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058210
http://newsroom.ucla.edu/releases/with-google-glass-and-app-developed-at-ucla-scientists-can-analyze-plants-health-in-seconds
http://newsroom.ucla.edu/releases/with-google-glass-and-app-developed-at-ucla-scientists-can-analyze-plants-health-in-seconds
http://pubs.rsc.org/en/content/articlelanding/2015/lc/c4lc01279h#!divAbstract
http://www.sciencedirect.com/science/article/pii/S0168170213003936
http://www.sciencedirect.com/science/article/pii/S0168170213003936
http://data-informed.com/precision-agriculture-yields-big-data-challenges/
http://data-informed.com/precision-agriculture-yields-big-data-challenges/
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0112894
https://farmbot.io/
http://www.theguardian.com/sustainable-business/2015/oct/12/indias-climate-smart-villages-use-technology-improve-farming
http://blog.cimmyt.org/mobile-app-will-power-greenseeker-use-in-south-asia/
http://www.pbs.org/newshour/bb/drones-limit-fertilizer-flow-lake-erie/
http://esa.un.org/unpd/wpp/Publications/Files/World_Population_2015_Wallchart.pdf
http://esa.un.org/unpd/wpp/Publications/Files/World_Population_2015_Wallchart.pdf
http://www.fao.org/publications/card/en/c/b092211c-ddc9-53e3-ab89-fb1e9a3db8d4/
http://www.fao.org/publications/card/en/c/b092211c-ddc9-53e3-ab89-fb1e9a3db8d4/
http://onlinelibrary.wiley.com/doi/10.1002/9783527665334.ch2/summary
http://www.bbc.com/future/story/20130603-city-farms-to-feed-a-hungry-world
http://www.mdpi.com/2071-1050/6/9/6107/htm
http://www.tandfonline.com/doi/abs/10.1080/02648725.2014.992622?journalCode=tbgr20
http://www.technologist.eu/the-key-cool-leds/
https://www.technologyreview.com/s/600831/startup-bets-its-magic-touch-on-seeds-can-boost-crop-yields/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038422/
http://www.nature.com/nature/outlook/genome-editing/
http://knowingneurons.com/2015/03/18/crispr-cas9-targeted-genome-editing/
https://www.technologyreview.com/s/543941/everything-you-need-to-know-about-crispr-gene-editings-monster-year/
https://www.technologyreview.com/s/543941/everything-you-need-to-know-about-crispr-gene-editings-monster-year/
http://cen.acs.org/articles/93/i35/Genome-Editing-Writ-Large.html
http://cen.acs.org/articles/93/i35/Genome-Editing-Writ-Large.html
http://www.sciencedirect.com/science/article/pii/S1369526616300152
http://www.nature.com/news/should-you-edit-your-children-s-genes-1.19432
http://www.nature.com/news/should-you-edit-your-children-s-genes-1.19432
http://www.tandfonline.com/doi/abs/10.1080/14746700.2015.1056583?journalCode=rtas20
http://biosecurityblog.com/2016/02/01/national-security-implications-of-crispr-cas9/
http://www.nature.com/news/bitter-fight-over-crispr-patent-heats-up-1.17961
https://www.technologyreview.com/s/600774/top-us-intelligence-official-calls-gene-editing-a-wmd-threat/
https://www.technologyreview.com/s/600774/top-us-intelligence-official-calls-gene-editing-a-wmd-threat/
https://www.technologyreview.com/s/600774/top-us-intelligence-official-calls-gene-editing-a-wmd-threat/
http://www.the-scientist.com/?articles.view/articleNo/45119/title/-Heroes-of-CRISPR--Disputed/
http://www.cell.com/cell/abstract/S0092-8674(15)01705-5
http://www.nature.com/news/uk-scientists-gain-licence-to-edit-genes-in-human-embryos-1.19270
http://www.nature.com/news/uk-scientists-gain-licence-to-edit-genes-in-human-embryos-1.19270
http://www.wired.com/2016/01/crispr-modification/#slide-2
http://science.sciencemag.org/content/early/2016/01/13/science.aad8282
http://www.editasmedicine.com/
https://www.bostonglobe.com/business/2016/02/02/editas-medicine-raises-million-year-first-ipo/cnusWaNwNdlGkPsF1QAGlL/story.html
http://www.sec.gov/Archives/edgar/data/1650664/000104746916009534/a2226902zs-1.htm
http://www.nature.com/news/crispr-the-disruptor-1.17673
http://www.nature.com/nature/journal/v528/n7580_supp/full/528S2a.html
http://www.nature.com/nature/journal/v528/n7580_supp/full/528S2a.html
http://www.popsci.com/you-could-soon-become-biohacker-at-home-using-crispr
https://diybio.org/
http://www.nature.com/news/biohackers-gear-up-for-genome-editing-1.18236
http://www.nature.com/news/biohackers-gear-up-for-genome-editing-1.18236
http://www.businessinsider.com/how-crispr-is-revolutionizing-biology-2015-10?IR=T
http://www.aaas.org/sciencediplomacy2016
http://www.idn.uni-bremen.de/chemiedidaktik/symp2016/index.html
http://www.idn.uni-bremen.de/chemiedidaktik/symp2016/index.html
http://www.european-space-solutions.eu/
http://www.cbrneworld.com/cbrneconvergenceasia#axzz3wWAsyOcZ


OPCW Science and Technology MonitorPage 6

Despite how easy it all sounds, gene-editing still has 
hurdles to overcome; hurdles that include reducing 
off-target effects, identifying which diseases are 
suitable targets, accurately predicting phenotypic 
and the ethical implications of  the use of  this 
technology.

In regard to addressing the technical limitations, 
researchers are continuing to look for ways to 
improve the performance and the ability to deliver 
CRISPR/CAS9 into target cells (an area of  active 
research). Alternate enzymes (including modified 
CAS9 or multi-component enzymatic systems, Cpf1 
for example) can be used in place of  CAS9; offering 
the possibility for more flexibility in locations of  
the genome that can be targeted for editing. Other 
developments include the testing of  new methods 
for delivering CAS9 and synthesising guide RNA 
(gRNA) to overcome current limitations in overall 
efficiency and ease of  use, the use of  asymmetric 
donor DNA to improve the efficiency of  precise sequence replacement, light activated on/off  
switching, and the use of  nanotechnologies and microfluidics for delivery into cells.

Scientists are finding potential applications for the technology in areas that include metabolic 
engineering, cancer biology, genomic regulation and interrogation, defence against HIV-1, in-
vivo interrogation of  gene function in the brain and gene therapy.  Demonstrations of  what 
can be done with CRISPR/CAS9 include genetic screening in human cells and targeted DNA 
degradation.

Commercially, the use of  CRISPR/CAS9 might show up on your dinner plate as agricultural 
biotechnology companies are already studying gene-edited food crops; this has also raised 
questions in regard to GMO crop regulations.  Does deleting a gene from a plant instead of  
modifying (or replacing) a gene, still make that plant a GMO?

There is also commercial interest in the use of  CRISPR/CAS9 for genetic treatments in human 
healthcare and for drug development, as exemplified by companies such as CRISPR Therapeutics, 
Editas Medicine and Intellia Therapeutics.

In regard to the ethical issues, the National Academy of  Sciences in Washington DC hosted 
a Human Gene Editing Summit last December, where rules and guidelines for use of  the 
technology were discussed (presentations and a report are available online).  The Royal Society 
is engaging in further dialogue on gene editing bioethics (which includes considerations for the 
Biological Weapons Convention). Many ethical discussions focus on editing the human germline, 
as exemplified by the reaction to the first (and only) reported editing of  a human embryo in 
2015.

We don’t expect any slowdown in new developments (and controversies) in the discussion of  
CRISPR/CAS9, if  anything it will give us much to consider over the coming years!

Distorted conformation of sgRNA-DNA complexes interacting with the 
CAS9 protein. Image from ScienceMag

6 – 9 June 2016
2016 BIO International Convention

San Francisco, CA, USA

7 – 8 June 2016
5th Internet of  Things Event

High Tech Campus Eindhoven,
The Netherlands

8 – 10 June 2016
12th International Symposium on 
Protection against Chemical and 

Biological Warfare Agents
Stockholm, Sweden

9 – 11 June 2016
ECSITE Annual Conference 2016

Graz, Austria

20 – 22 June 2016
OPCW SAB Workshop on 

Chemical Forensics
Helsinki, Finland

22 – 24 June 2016
Industrial Technologies 2016
Amsterdam, The Netherlands

11 – 16 July 2016
AAAS-TWAS Course on Science 

Diplomacy 2016
Trieste, Italy

18 – 22 July 2016
The International Conference 

on Pure and Applied Chemistry 
(ICPAC 2016)

“Emerging Trends in Chemical 
Sciences”

Flic en Flac, Mauritius

8–12 August 2016
BWC Preparatory Committee for 

the Eighth Review Conference 
(continued) 

Geneva, Switzerland

15 – 20 August 2016
24th IUPAC International 
Conference on Chemistry 
Education (ICCE 2016)

Kuching, Malaysia.

21 – 25 August 2016
252nd American Chemical Society 
National Meeting & Exposition

Philadelphia, PA, USA

4 – 7 September 2016
52nd Congress of  the European 

Societies of  Toxicology 
(EUROTOX2016)
Istanbul, Turkey

4 – 8 September 2016
6th International IUPAC 

Conference On Green Chemistry
Venice, Italy

http://www.nature.com/news/genome-editing-7-facts-about-a-revolutionary-technology-1.18869
http://www.nature.com/nature/journal/v528/n7580_supp/full/528S17a.html
http://www.nature.com/nature/journal/v528/n7580_supp/full/528S17a.html
http://online.liebertpub.com/doi/abs/10.1089/hum.2015.069
http://elifesciences.org/content/3/e04766v2/abstract
http://elifesciences.org/content/3/e04766v2/abstract
http://www.nature.com/news/biologists-create-more-precise-molecular-scissors-for-genome-editing-1.18932
http://www.nature.com/news/biologists-create-more-precise-molecular-scissors-for-genome-editing-1.18932
http://www.cell.com/abstract/S0092-8674(15)01200-3
http://www.annualreviews.org/doi/abs/10.1146/annurev-biochem-060815-014607
http://www.nature.com/news/alternative-crispr-system-could-improve-genome-editing-1.18432
http://www.nature.com/news/alternative-crispr-system-could-improve-genome-editing-1.18432
http://www.sciencedirect.com/science/article/pii/S016816561500200X
http://www.sciencedirect.com/science/article/pii/S016816561500200X
http://www.sciencedirect.com/science/article/pii/S016816561500200X
http://www.nature.com/nbt/journal/vaop/ncurrent/full/nbt.3481.html
http://www.nature.com/nbt/journal/vaop/ncurrent/full/nbt.3481.html
http://pubs.acs.org/doi/abs/10.1021/ja512664v
http://pubs.acs.org/doi/abs/10.1021/ja512664v
http://onlinelibrary.wiley.com/doi/10.1002/anie.201506030/abstract
http://advances.sciencemag.org/content/1/7/e1500454
http://pubs.acs.org/doi/abs/10.1021/acssynbio.5b00196
http://pubs.acs.org/doi/abs/10.1021/acssynbio.5b00196
http://www.nature.com/nrc/journal/v15/n7/full/nrc3950.html
http://www.nature.com/nrm/journal/v17/n1/full/nrm.2015.2.html
http://www.nature.com/nrmicro/journal/v13/n5/full/nrmicro3474.html
http://www.nature.com/nbt/journal/v33/n1/abs/nbt.3055.html
http://www.nature.com/nbt/journal/v33/n1/abs/nbt.3055.html
http://online.liebertpub.com/doi/abs/10.1089/hum.2015.074
http://science.sciencemag.org/content/343/6166/80
http://www.nature.com/ncomms/2015/150519/ncomms7989/full/ncomms7989.html
http://www.nature.com/ncomms/2015/150519/ncomms7989/full/ncomms7989.html
https://www.technologyreview.com/s/542311/dupont-predicts-crispr-plants-on-dinner-plates-in-five-years/
https://www.technologyreview.com/s/542311/dupont-predicts-crispr-plants-on-dinner-plates-in-five-years/
http://www.nature.com/news/crispr-tweak-may-help-gene-edited-crops-bypass-biosafety-regulation-1.18590
http://www.rsc.org/chemistryworld/2016/01/gene-editing-crispr-commercial
http://cen.acs.org/articles/93/i35/Genome-Editing-Writ-Large.html
http://cen.acs.org/articles/93/i35/Genome-Editing-Writ-Large.html
https://www.technologyreview.com/s/545366/big-pharma-doubles-down-on-crispr-for-new-drugs/
http://crisprtx.com/
http://www.intelliatx.com/
http://www.nationalacademies.org/gene-editing/Gene-Edit-Summit/index.htm
http://www.nationalacademies.org/gene-editing/Gene-Edit-Summit/index.htm
http://www.sciencemag.org/news/2015/12/inside-summit-human-gene-editing-reporter-s-notebook
http://www.wired.com/2015/12/crispr-gene-editors-get-the-beginning-of-some-rules/
http://www.nationalacademies.org/gene-editing/Gene-Edit-Summit/Slide-Presentations/index.htm
http://www.nap.edu/catalog/21913/international-summit-on-human-gene-editing-a-global-discussion
https://royalsociety.org/~/media/policy/Publications/2016/02-01-16-response-on-Bioethics-inquiry-into-genome-editing.pdf
https://royalsociety.org/~/media/policy/Publications/2016/02-01-16-response-on-Bioethics-inquiry-into-genome-editing.pdf
https://www.geneticliteracyproject.org/2015/06/25/ethical-and-regulatory-reflections-on-crispr-gene-editing-revolution/
http://www.nature.com/news/don-t-edit-the-human-germ-line-1.17111
http://www.nature.com/news/ethics-of-embryo-editing-paper-divides-scientists-1.17410
http://link.springer.com/article/10.1007%2Fs13238-015-0153-5
http://link.springer.com/article/10.1007%2Fs13238-015-0153-5
http://www.aaas.org/news/jennifer-doudna-answers-questions-crispr-gene-editings-future
http://www.nature.com/news/crispr-1.17547
http://science.sciencemag.org/content/early/2016/01/13/science.aad8282
http://convention.bio.org/2016/
http://iotevent.eu/
http://www.foi.se/cbw
http://www.foi.se/cbw
http://www.foi.se/cbw
http://www.ecsite.eu/annual-conference
http://www.industrialtechnologies2016.eu/
http://twas.org/node/11557
http://twas.org/node/11557
http://sites.uom.ac.mu/icpac2016/
http://sites.uom.ac.mu/icpac2016/
http://sites.uom.ac.mu/icpac2016/
http://www.unog.ch/80256EE600585943/(httpPages)/EA67F4ECEF3FD3C4C1257F39003C1347?OpenDocument
http://www.unog.ch/80256EE600585943/(httpPages)/EA67F4ECEF3FD3C4C1257F39003C1347?OpenDocument
http://www.unog.ch/80256EE600585943/(httpPages)/EA67F4ECEF3FD3C4C1257F39003C1347?OpenDocument
http://www.icce2016.org.my/
http://www.icce2016.org.my/
http://www.icce2016.org.my/
http://www.acs.org/content/acs/en/meetings/fall-2016.html
http://www.acs.org/content/acs/en/meetings/fall-2016.html
http://www.eurotox2016.com/
http://www.eurotox2016.com/
http://www.eurotox2016.com/
http://www.greeniupac2016.eu/wordpress/
http://www.greeniupac2016.eu/wordpress/
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Science and Technology Updates from the CWC 
Conference of States Parties and the BWC Meeting of 
States Parties
With all the science and technology discussed in our offices, the question often comes up, what 
issues and topics are the States Parties interested in?  To answer, we highlight the science and 
technology that featured in the Chemical Weapons Convention Twentieth Conference of  States 
Parties (CSP-20) and Biological Weapons Convention Meeting of  States Parties (BWC MSP) 
both held in December of  2015.

At CSP-20, of  the seventy-nine General Debate Statements from States Parties, fifty-four made 
mention of  science and technology in relation to the Chemical Weapons Convention; a paper on 
“Aerosolisation of  Central Nervous System-Acting Chemicals for Law Enforcement Purposes” 
was introduced by Australia (jointly with twenty-one other States Parties); and the CSP adopted 
decisions on additional guidelines on the designation of  laboratories for the analysis of  authentic 

samples, the designation of  laboratories for the analysis of  authentic biomedical samples and guidelines for the conduct of  
biomedical proficiency tests and the establishment of  an advisory board on education and outreach (ABEO).

Science and technology related side events at CSP-20 covered topics that included autonomous systems and artificial intelligence 
(hosted by The Hague Security Delta, OPCW and UNICRI); the book launch for The Practical Guide for Medical Management 
of  Chemical Warfare Casualties; aerosolisation of  central nervous system-acting chemicals, detection of  chlorine gas poisoning 
(with presentations from OPCW, the Swedish Defence Research Agency and the Center for Disease Control); The Hague Ethical 
Guidelines; and Science for Diplomats presentations on chemical forensics (from OPCW and Verifin).

At the BWC MSP, States Parties submitted papers on dedicated processes for reviewing science and technology (Switzerland); 
challenges for politics and science in biosafety and biosecurity (Austria); a proposal for the development of  a template for a 
biological scientist code of  conduct (China); and the application of  dual use to science and technology advances (Iran).

Under the standing item on the review of  developments in the field of  science and technology, statements and presentations were 
made by Australia, China, Canada, Cuba, Finland, France, Georgia, Iran (on behalf  of  NAM and Others Group), India, Japan, 
The Netherlands, OPCW, The Russian Federation, Switzerland (a science and technology review, and a CRISPR/CAS9 update), 
the United Kingdom, and the United States.

The links to articles, papers, 
reports, websites or other 
materials incorporated here-
in are being provided for 
information purposes only. 
The views and opinions ex-
pressed in the aforemen-
tioned materials are those of  
the authors and do not neces-
sarily reflect the views of  the 
OPCW. These items are cited 
as a service to readers and do 
not imply endorsement by 
the OPCW. The OPCW does 
not provide any guarantee, 
express or implied, that the 
information presented is ac-
curate or timely, and does not 
contain inadvertent technical 
or factual inaccuracies. The 
OPCW is not responsible 
for the content of  third party 
websites.  

4 – 9 September
Asser Institute Summer 

Programme on Disarmament 
and Non-Proliferation of  

Weapons of  Mass Destruction 
in a Changing World

The Hague, The Netherlands

25 – 28 October 2016
24th Session of  OPCW SAB

OPCW Headquarters
The Hague, The Netherlands

7 – 25 November 2016
BWC Eighth Review 

Conference 
Geneva, Switzerland

6 – 8 December 2016
CHAINS 2016, the Dutch 

chemistry conference
The Netherlands

Royal Society & IAP Side-event at the BWC MSP. Image by Elizabeth Bohm

https://www.opcw.org/about-opcw/conference-of-the-states-parties/twentieth-session-of-the-conference-of-the-states-parties/
https://www.opcw.org/about-opcw/conference-of-the-states-parties/twentieth-session-of-the-conference-of-the-states-parties/
http://www.unog.ch/80256EE600585943/(httpPages)/52F94DF16E2C376EC1257EDE0033C774?OpenDocument
https://www.opcw.org/documents-reports/conference-states-parties/twentieth-session/national-statements/
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/national_statemements/c20nat02r2_e_.pdf
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/en/c20dec04_e_.doc.pdf
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/en/c20dec04_e_.doc.pdf
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/en/c20dec05_e_.doc.pdf
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/en/c20dec05_e_.doc.pdf
https://www.opcw.org/fileadmin/OPCW/CSP/C-20/en/c20dec09_e_.pdf
https://www.thehaguesecuritydelta.com/news/newsitem/national-security/449-hsd-opcw-and-unicri-side-track-on-autonomous-systems-and-artificial-intelligence
http://www.opcw.org/fileadmin/OPCW/Science_Technology/Diplomats_Programme/20151130-Autonomous_systems_and_AI-JForman-Print.pdf
http://www.opcw.org/our-work/assistance-protection/practical-guide/
http://www.opcw.org/our-work/assistance-protection/practical-guide/
http://www.atsdr.cdc.gov/toxprofiles/tp172-c7.pdf
https://www.opcw.org/special-sections/science-technology/the-hague-ethical-guidelines/
https://www.opcw.org/special-sections/science-technology/the-hague-ethical-guidelines/
http://www.opcw.org/special-sections/science-technology/science-for-diplomats/
http://www.opcw.org/fileadmin/OPCW/Science_Technology/Diplomats_Programme/20151202-S_T_Diplomats-Chemical_Forensics-print.pdf
http://www.opcw.org/fileadmin/OPCW/Science_Technology/Diplomats_Programme/Vanninen_Science_for_Diplomats_151130.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/0F779BEC9BD9EDDEC1257F1E003B38F1/$file/wp10+SWISS+2015+msp.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/EE2FC2B7F2603B36C1257F10003A4003/$file/2015+MSP+Working+Paper+_+Austria.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/77BBB042D87DD84AC1257F1D00457423/$file/Chinese+(Unofficial+English+translation+annexed).pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/77BBB042D87DD84AC1257F1D00457423/$file/Chinese+(Unofficial+English+translation+annexed).pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/AC0B2BD1EC3B9CDEC1257F220046B5CF/$file/BWC_MSP_2015_WP.14.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/3E0F0EF6E1BFDB25C1257F33002D29A4/$file/Australian+intervention+on+science+and+technology.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/D2501C42DCAF6F80C1257F1E00447041/$file/CABT.+REP.+Dic+2015.+Intervenci%C3%B3n+de+Cuba.+Tema+13.+Prepcom+y+ConfExamen+(Versi%C3%B3n+final).pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/4D351A4036A0D79CC1257F38003E7BC8/$file/2015-1216+Finland+ST.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/9C593CA9F1DFF584C1257F2200453A2F/$file/20151211+-+intervention+developpements+science+technologie.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/8823CFD0EA2D60E4C1257F300030BF37/$file/NAM+Statement+on+S&T+MSPs+Dec+2015+final.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/F43187301237067BC1257F1F0029E420/$file/OPCW_Briefing_to_2015_BWC_MSP.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/6B2F5041CE316503C1257F1E0059DD16/$file/ST+Russia+2015+msp.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/D1ED3B490FB3B6BEC1257F1E002A4F7A/$file/2015+12+16+BWC+MSP+Statement+ST+final.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/DAFE21B7BF9F4950C1257F310044CDAE/$file/BWC_MSP_2015_S&T-CRISPR-update_INC.PDF
http://www.asser.nl/education-training/summer-programmes-2016/disarmament/
http://www.asser.nl/education-training/summer-programmes-2016/disarmament/
http://www.asser.nl/education-training/summer-programmes-2016/disarmament/
http://www.asser.nl/education-training/summer-programmes-2016/disarmament/
http://www.asser.nl/education-training/summer-programmes-2016/disarmament/
http://www.unog.ch/80256EE600585943/(httpPages)/57A6E253EDFB1111C1257F39003CA243?OpenDocument
http://www.unog.ch/80256EE600585943/(httpPages)/57A6E253EDFB1111C1257F39003CA243?OpenDocument
http://www.chains2015.nl/
http://www.chains2015.nl/
https://twitter.com/ElizabethBohm/status/677105728830746625/photo/1
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Image of Baltic sea by NASA, Underwater Munitions by IDUM and Bacteria by Wang et al.

Did You Know? 
Some Baltic Sea bacteria can use sulphur mustard degradation products as their 
sole source  of  carbon and energy?

Questions, ideas, comments, suggestions, want to make a contribution, or be added to the mailing list?  
Please contact us through the OPCW Office of  Strategy and Policy (OSP).
For more frequent updates, Visit us on the web or follow us on Twitter at @OPCW_ST.

Contact Us

The Royal Society and the International Academy Panel presented reports from their workshop on trends in science and technology 
that impact the BWC.  The side event included additional presentations on microbial forensics and synthetic biology.  The role of  
open source information in compliance, the United Nations Secretary General’s Mechanism Designated Laboratories and Ebola 
(lessons learned from response, biosecurity and capacity, and a survivors speech) were discussed in other technical focused side 
events.

Biosafety and biosecurity topics were addressed in side events on contributions of  ASEAN scientists and scientific organizations 
to the BWC (presentations provided an overview and looked at current implementation); effective biological security education 
(presentations included introductory remarks, a look at preventing biological threats, a biological security handbook and the IFBA 
Certification Programme); assessing the biothreat and proceeding safely (presentations included a Delphi study on biothreat 
assessment, safely pursuing biological advances and biological threat perceptions among experts); and laboratory procedures and 
personnel ethics in developing countries (presentations included an overview and reports from Latin American, Central Asian and 
African regions).

An advanced version of  the BWC MSP report is available.

https://www.flickr.com/photos/nasamarshall/14629846765/in/photolist-ohMMKk-2KHF9f-6Fr2My-xd5tw-31VZt-6FmVBc-6HaiXb-nkVBtj-31VVj-6H6gar-AaGGRF-6Ew2Zr-jWrZy-cVykpm-p1Lx5C-hsApaP-fMtDTu-pMcYim-CThn11-7WLudv-31VBT-a1dY5q-skQiPU-nd5GPM-8E95jA-hsz9oD-t1oyG2-fQLRT5-oyw5aL-fMM3Kt-bwMKn3-a1dcXE-8EZjde-hsz6Kd-amVq9z-6VXrWJ-9Ukkz7-8E985Y-okfRd-tFBhAF-31VUy-ojEZLk-5C1KTY-td2KY-sQUKr-hb3Fkr-8E95jL-8F3tDs-unKD5h-nE3MWr
https://www.flickr.com/photos/91297241@N06/8287448799/
http://www.mdpi.com/2072-6651/5/11/2161/htm
http://www.sciencedirect.com/science/article/pii/S0141113609000397
mailto:SciTech@OPCW.org
http://www.opcw.org/special-sections/science-technology/
https://twitter.com/OPCW_ST
https://royalsociety.org/topics-policy/projects/biological-toxin-weapons-convention/
http://www.unog.ch/80256EDD006B8954/(httpAssets)/83C7E53EDF95AA03C1257F50005168C1/$file/1+Rod+Flower+_+Geneva+2015.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/83C7E53EDF95AA03C1257F50005168C1/$file/1+Rod+Flower+_+Geneva+2015.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/71166192A783E705C1257F5000517542/$file/2+Alemka+Markotic_BTWC-SP-Geneva2015-final.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/F0CE34B1227416FDC1257F5000516EFE/$file/3+Paul+Freemont+_+btwc-geneve.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/A5121FB3B7EDF345C1257F1D004155A3/$file/MSP_2015_HRG.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/A5121FB3B7EDF345C1257F1D004155A3/$file/MSP_2015_HRG.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/74164D2859F1EC4AC1257F3100445298/$file/BWC_MSP_2015_UNSGM-Side-Event_MOS-INC.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/3CF17079A3D23908C1257F1E004950EB/$file/Implications+and+Lessons+Learned+from+the+Ebola+Virus+121715.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/242EADC8E91F780EC1257F40003AEEEA/$file/Abayomi+BWC+MSP+2015+GET+Ebola+presentation+7.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/D551FF352B6172FCC1257F40003B7971/$file/Yusuf+Koroma+Speech_v3.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/755A99C26691A3D5C1257F30002C87AD/$file/MSP+side+event+14+December+2015+Final.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/755A99C26691A3D5C1257F30002C87AD/$file/MSP+side+event+14+December+2015+Final.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/0927132DF183CE1EC1257F30003401F1/$file/PPT+Geneva+Meeting+ASEAN+RespSc.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/11AE418156930C92C1257F3000357ED1/$file/MSP+Presentation_Geneva2.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/E8815E67073E8FE4C1257F3000337A9A/$file/2015-12-15+BRADFORD+BOOK+SIDE+EVENT+CHAIR+REMARKS.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/DA2CEB18D28C6A1AC1257F30003341AC/$file/Whitby_Biosecurity_Guide_Presentation_final.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/4D470F93A6745E17C1257F3000339F3C/$file/Novossiolova_Biological+Security+Handbook_launch_MSP_2015.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/6FE01853ECE890A9C1257F3000331CE7/$file/MEllis+BWC+Presentation.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/6FE01853ECE890A9C1257F3000331CE7/$file/MEllis+BWC+Presentation.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/4650E7381B7CEEDFC1257F23002F1A25/$file/16+december+2015+Side+Event+Flyer.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/32ED8AE5D9D6B4A9C1257F23002ED62B/$file/16+December+2015+Crystal+Boddie.delphi+presentation.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/32ED8AE5D9D6B4A9C1257F23002ED62B/$file/16+December+2015+Crystal+Boddie.delphi+presentation.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/BBC4A87709DE9716C1257F23002F6FD0/$file/BWC+MSP.gronvall.proceeding+safely.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/0F1E7C96B6F1D2A4C1257F23002FAF86/$file/Biological+Threat+Perceptions+Among+International+Experts.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/BD5479EBA5831DD7C1257F4C002F54D8/$file/BWC+2015+Green+Cross+Side+Event+Overview.pdf
http://www.unog.ch/80256EDD006B8954/(httpAssets)/611EB539B17F558FC1257F4C0030A5DB/$file/BWC+2015+Macedo+PowerPoint.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/BC61229DEC814D70C1257F4C00308055/$file/BWC+2015+Gasser_Abrams+PowerPoint.ppt
http://www.unog.ch/80256EDD006B8954/(httpAssets)/32A6C1918B9FEE35C1257F4C00304F90/$file/BWC+2015+Bezuidenhout+PowerPoint.pptx
http://www.unog.ch/80256EDD006B8954/(httpAssets)/3A6048A29D9B0448C1257F20007DC436/$file/BWC+MSP2015+Advance+Copy.pdf
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