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Building Sustainable Capacity
In Biosecurity -
Bradford Disarmament
Research Centre’s Experience

Tatyana Novossiolova” and Gerald Walther?

Bradford Disarmament Research Centre

1. Introduction

For more than fifteen years now the Bradford Disarmament Research
Centre(BDRC) has done substantial research in the area of biological weapons
non-proliferation and has been actively involved in the process of strengthening
the Biological and Toxin Weapons Convention(BTWC). Our research and policy
work on BTWC-related issues has been carried out by staff at the BDRC, and has
been supported by a number of eminent funding organisations, such as the Joseph
Rowntree Charitable Trust, Carnegie Foundation, Wellcome Trust, US Biological
Engagement Programme, the governments of Norway and Switzerland, and most
recently, Canada’s Global Partnership Programme and the UK Global Partnership

Programm. It has been interactive, with research and policy work continually

1) Wellcome Trust Doctoral Candidate, Bradford Disarmament Research Centre, University of Bradford, UK
2) Research Associate, Institute for Science, Ethics and Innovation, University of Manchester, UK
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informing each other. In this way, the BDRC directly provided influential research
and technical inputs on important verification and emerging dual-use biotechnology
issues in negotiations at a series of BTWC Meetings of States Parties as well as in

associated regional and national policy processes and key NGO networks.

The BDRC, with its close partners, have provided the main non-governmental
research-based sustained contribution to BTWC negotiation and review process
since 2008, building on its previous similar engagement. These activities also
provided the basis for further research on biosecurity issues, which has underpinned
engagement by BDRC with scientific and industrial communities engaged in
innovation and uses of biotechnology. This first part provides an overview of the
major contributions by the BDRC while the second part gives a more detailed
example of a recent collaboration by the BDRC with the Institute for Science,
Ethics and Innovation at the University of Manchester on the topic of neuroethics

education.

2. Activities and Impact

Since 2009 the BDRC has been involved in research on dual-use biosecurity
aimed at addressing the risks arising from the enormous dual-use potential of the
advances in biotechnology and technological convergence in life sciences, funded
by the Wellcome Trust. In a series of publications and reports, the Group and
partners contributed substantially to international awareness and knowledge of such

risks in several sectors of active research and technology development(including
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phytopathology, neuroscience, nanotechnology, and synthetic biology). The BDRC
Group played a major international awareness-raising and agenda-setting role in

locating these issues in the context of the discourse on dual-use biosecurity.

(1) Educational Module Resource(EMR)

Together with Japan’s National Defense Medical College(NDMC) and the
Landau Network Centro Volta, Italy, the BDRC has developed an Educational
Module Resource(EMR), an open-source set of 22 lectures accompanied with
facilitation notes, assessment questions references. The EMR is structured around

four key areas, namely :

* The Threat of Biological Warfare and Bioterrorism and the International
Prohibition Regime

* The Dual-Use Dilemma and the Responsibilities of Life Scientists

* National Implementation of the BTWC

* Building a Web of Prevention to Ensure Benign Development

The EMR is primarily intended to assist trainers and lecturers in the development
of educational and awareness-raising programmes of various levels of instruction
but it is equally suitable for learners both in academic and professional settings. In
order to maximise its wide dissemination, all materials are freely available online
in 10 different languages, including English, French, Russian, Spanish, Romanian-

Moldovan, Polish, Urdu, Georgian and Japanese.
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More information is available at :

http://www.brad.ac.uk/bioethics/educationalmoduleresource/

(2) 30-Credit Master-Level Online Train-the-Trainer Programme in Applied

Dual-Use Biosecurity

In September 2010 the BRDC launched a novel curriculum designed to offer
accredited training in biosecurity. Funded by the US Biological Engagement
Programme, the online distance learning module in Applied Dual-Use Biosecurity
is worth 30 UK Master credits, which combines didactic and practical approaches
in order to foster sustainable competency and transferrable skills with relation to
the ethical, social and legal implications of modern biotechnology. To this end, the
programme utilises an interactive distance-learning platform via which live lectures
and seminars are delivered on a weekly basis, as well as a range of supplementary
online tools to enhance networking. Participation on the programme is broad
featuring professionals from such countries as Pakistan, Russia, Nigeria, Uganda,

The Philippines, Argentina, Afghanistan, Iraq, Qatar, Kenya and Morocco.

More information is available at :

http://www.brad.ac.uk/bioethics/trainthetrainer/30creditbiosecuritymodule/

(3) The National Series

In 2011, under the support from the UK Ministry of Defence, BDRC launched a

new project to develop National Series(NS) by using essential values of the current
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EMR but designing the themes, contents and learning outcomes for educational
contexts of specific countries. The main objective of this project is to provide user-
friendly educational resources which can be utilised for the immediate introduction
of short educational programmes for higher education. The National Series
comprise a country-specific educational material on dual-use biosecurity, bioethics
and biological non-proliferation. Each set is made up of 5 lectures of about 20 slides
focussing on the context of a particular country, facilitation notes, sample practical
exercises, assessment questions, and bibliography. So far educational resources
have been developed for the following countries: Algeria, Armenia, Azerbaijan,
Egypt, Georgia, Jordan, Kazakhstan, Kyrgyzstan, Libya, Morocco, Pakistan, Saudi

Arabia, Tajikistan, Tunisia and Ukraine. All materials are freely available online.

More information is available at :

http://www.brad.ac.uk/bioethics/nationalseries/countrymaterial/

(4) Team-Based Learning Education Package

The BDRC is currently developing an interactive education package tailored on
the Team-Based Learning(TBL) format, a special form of collaborative learning that
uses a specific sequence of individual work, group work and immediate feedback
to create a motivational framework, whereby the focus is shifted from conveying
concepts by the instructor to the application of concepts by student teams. Working
closely with the University of Bradford’s School of Pharmacy, in November 2012
the BDRC held a Team-Based Learning seminar on Bioethics and Responsible

Conduct of Science. The positive feedback received as a result of the seminar has
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subsequently provided a strong incentive to develop tailored materials which can
be utilised in many different contexts and for various purposes. The ongoing TBL
project is conceived as an open-source educational package comprising 5 set of
facilitation materials, including individual and team quizzes, application exercises,
guiding tools and background readings. The main objective of the package is to
foster understanding of key concepts with relevance to biosecurity and equip
learners with corresponding skills. As such, it is suitable for use both at university
level instruction and as part of continued professional development training. Upon

completion the package will be made freely available online.

(5) Online Biosecurity Textbook

The BDRC has launched a new project aimed at the development of an
online Biosecurity Textbook and jointly funded by Canada’s Global Partnership
Programme and the UK Global Partnership Programme. In order to facilitate the
dissemination of training content, the textbook will be initially made available in
English and Arabic. It is further conceived as an open source online resource and
intended to support students, practitioners and trainers as they begin to engage with
biosecurity issues. Key topics to be covered in the textbook include biosecurity
and non-proliferation challenges; past and present threats; multilateral initiatives
to promote biosecurity; key international organisations and legal instruments;
examples of best practice in biosecurity. Each chapter will further be accompanied

by a Team-Based Learning set of exercises.

The results of the work described above have informed BDRC’s inputs into
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the Inter-Sessional process of the BTWC negotiation between 2007 and the 2011
Seventh Review Conference of the Convention, as well as the current Intersessional
Programme that started in 2012. Recent side events and initiatives organised by
the BDRC and partner organisations as part of the BTWC processes include the

following events:

 The Intersessional Process, Science and Education

Side event held at the BWC Meeting of State Parties, 12 December 2012, Palais
de Nations, Geneva, Switzerland, a joint initiative of the University of Bradford,
University of Bath and the Landau Network-Centro Volta, Italy.The side event

was chaired by Ambassador Jo Adamson, UK.

Further information is available here :
http://www.unog.ch/__80256ee600585943.nst/(httpPages)/89835cb0a2daa4alc12
57b6e003415¢c5?0penDocument& ExpandSection=7# Section7

» Recent Advances in Biosecurity Education

Side event held at the BWC Meeting of Experts, 13 August 2013, Palais de
Nations, Geneva, Switzerland, a joint Initiative of the University of Bradford
and the US National Academy of Sciences. The side event was chaired by

Ambassador Urs Schmid, Switzerland.

Further information is available here :

http://www.unog.ch/  80256ee600585943.nsf/(httpPages)/f837b6e7a401a21ccl2
57a150050cb2a?OpenDocument&ExpandSection=8# Section8
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* Deveopments in Science and Technology

Side event held at the BWC Meeting of States Parties, 9 December 2013, Palais
de Nations, Geneva, Switzerland, a joint Initiative of the University of Bradford,
University, University of Bath and the Organisation for the Prohibition of
Chemical Weapons(OPCW). The side event was chaired by Ambassador Serhiy

Komisarenko.

Further information is available here :
http://www.unog.ch/__80256ee600585943.nsf/(httpPages)/f837bb6e7a401a21ccl2
57a150050cb2a?OpenDocument&ExpandSection=9# Section9

* Consolidating Biosecurity Education

Side event held at the BWC Meeting of States Parties, 10 December 2013,
Palais de Nations, Geneva, Switzerland, a joint Initiative of the University of
Bradford and the Landau Network Centro Volta. The side event was chaired by
Mr Wojciech Flera, Deputy Permanent Representative of the Republic of Poland
to the UN Office in Geneva.

Further information is available here :

http://www.unog.ch/80256EE600585943/(httpPages)/F837B6E7A401A21CC125

7A150050CB2A?0OpenDocument

(6) Developing Best Practice in Biosecurity Education

In August 2012 representatives of the BDRC collaborated with the the Public

32 BWC



Health Agency of Canada(PHAC) and Carleton University, Canada on the delivery
of The Advanced Certificate in Biological Sciences Security Management. This 10-
day, intensive program had a focus on Canadian and international biosafety, dual-use
biosecurity and bioethics and was intended for the training of personnel in facilities
handling human pathogens and toxins, bringing issues of dual-use to a broader
community, and to enhance biosafety and biosecurity practices in a Biological
Sciences Security Management framework nationally and internationally. The

course sought to foster understanding of:

* The concepts of biosafety and biosecurity and its relevance to biosecurity
within the laboratory.

* Management of biosafety and biosecurity risks.

* Dual-use conundrums and dilemmas that arise due to the impact of science and
technology on society.

* Ethical, legal and social relevance of dual-use biosecurity.

* Approaches to the responsible conduct of research and other work.

In addition, it sought to facilitate further research into ‘dual-use’ biosecurity
issues and develop policies and practices that will enhance responsible conduct
of research and other work to prevent the misuse of knowledge generated by life
and associated sciences. The outcomes of the course and the feedback received
from participants were presented at the BWC Meeting of States Parties in the form
of a Working Paper, BWC/MSP/2012/WP.4 Considerations and Recommendations
to Inculcate Awareness of the Dual-Use Challenge into Biosafety and Biosecurity

Training and Education for Life Scientists in States Parties
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Over the past few years, the BDRC has actively sought to develop a network of
people involved in awareness-raising and educational initiatives around the world.
Starting in 2010, the BDRC launched a conference series aimed at bringing together
multiple stakeholders with an interest in promoting biosecurity education to share
experiences, best practices and lessons learned. The proceedings of each conference
are published in the form of an online Yearbook and a summary of best practices is
made available to the BTWC States Parties at their biannual meetings. In July 2012,
the BDRC hosted a twin meeting featuring the Second Annual Bradford Conference
on Best Practice(Biosecurity Education for Life Scientists: Progress and Challenges
after the Seventh Review Conference of the BTWC) and the Annual Meeting of
the European COST(Cooperation in Science and Technology) Network(Delivering
Social Responsibility: Ethics in Sustainable Training and Continuing Professional
Development for Scientists and Engineers). The most recent Bradford Conference,
Biology, Chemistry and Biosecurity : Implications of Convergence for Biosecurity
and Recent Advances in the Education of Life Scientists was held in October 2013
and marked the conclusion of a major five-year Wellcome Trust-funded research
project, Building a Sustainable Capacity in Dual-use Bioethics. The project has
been carried out by experts from the Universities of Bradford, Bath and Exeter in
the UK, and from Australian National University, Canberra. Colleagues from the
project team were organising, hosting and taking part in this conference with a view
to drawing together a number of strands of activity and looking ahead to “what
next?”. The conference further benefited from the participation of representatives
of important international organisations, including the Organisation for the
Prohibition of Chemical Weapons(OPCW) and the Committee pursuant to the UN

Security Council Resolution 1540.
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(7) The BioWeapons Monitor

The BDRC also edited and published the BioWeapons Monitor in 2012, 2013,
and 2014. The Bioweapons Monitor, which has also been translated into Korean
by the Korea Biotechnology Industry Organization, aims to complement and work
with governments to carry out their duties with regard to the BWC and its goal
to permanently eliminate biological weapons and prevent their re-emergence.
The Monitor works towards this goal by providing relevant national information
following the Standing Agenda item on international cooperation and assistance,
developments in science and technology and strengthening national implementation
that was agreed on at the Seventh Review Conference in 2011. The Monitor provides
information similar to the confidence-building measures, which examine and assess

national regulatory programmes, legislation, and biotechnology capacities.

The Monitor is available online :

http://www.bwpp.org/publications.html

3. A Bradford-Manchester collaboration on
improving neuroethics education

As part of the BDRC’s commitment to the education of scientists on the issue of
dual-use, the BDRC recently worked together with the Institute for Science, Ethics
and Innovation at the University of Manchester, UK, on understanding the need

for science ethics education within neurosciences. With funding from the UK Arts
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and Humanities Research Council(AHRC), this collaborative project tried to find
out what the current state of ethics education in the neurosciences in the UK is and

what can be done to improve the situation.

(1) Why Neuroscience?

The current debate on dual-use research of concern primarily targets the research
fields involved in work on pathogens, e.g. microbiology and virology. However,
as has recently been suggested by the UK(2012) at the BWC, neuroscience poses
equally important dual-use problems. There are three specific issues that make
neuroscience such an important field with regard to security. First, neuroscience
has always been a field that sparked the imagination of the military.(Dando, 2014;
Moreno, 2012) Second, neuroscience is arguably one of the fastest growing scientific
fields as can be seen in the recent initiatives to understand the brain by the US and
the EU.(Reardon, 2014) And third, not all neuroscientific developments may be

subject to international regulations.(Jefferson, 2014; United Kingdom, 2012)

Regarding the first issue, it is first necessary to understand the emergence of
dual-use as a specific security concern. Dual-use as understood in the post-anthrax
letter, post-9/11 world is used to designate research that is benign but then becomes
misused by a non-state actor, i.e. bioterrorism. However, while bioterrorism
presents a challenge, it may be an even greater challenge to human security when
states engage in a biological weapons program or in programs that may result in
an arms race. Neuroscience may be particularly prone to become involved in a

military arms race.(Royal Society, 2012; United Kingdom, 2012) As a result of
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this danger, any ethics education for neuroscientists aimed at improving human
security or engaging with future threats to human security needs to discuss not only
the threat of a misuse of benign research by non-state actors but also the threat that

states may use neuroscience research for military purposes.

(2) Development of a Neuroethics Educational Module

With the help of the AHRC grant the network ran four workshops, which aimed
to develop a better understanding of current ethics teaching in neuroscience courses

at UK universities. The titles of the workshops that ran in 2012 and 2013 were:

* Present state of ethics education for neuroscientists(June 2012). Assessing the
present state of ethics education and needs.

* The ideal state of ethics education for neuroscientists by 2015. (September
2012)

* What needs to be done to fill the gaps between the ideal state and present state
of ethics education?(January 2013)

* Getting from here to there. Producing a strategy for implementing change.

(September 2013)(University of Manchester, 2014)

The participants, around 15 to 20 for each workshop, consisted of biosecurity
experts, neuroethicists, neuroscientists, and education experts. While participants
from previous meeting were always invited to the next meeting as well, there were
fluctuations in terms of attendance. Even though, several members of the network

managed to attend all sessions. Based on the fact-finding that was conducted prior
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to the first workshop, the ensuing discussion highlighted the need for actual training
material that could be used by individual neuroscience lecturers. As Walther (2013),
whose study was part of this fact-finding, points out, there were no dedicated
neuroethics courses in the UK undergraduate and postgraduate neuroscience courses
he surveyed. The neuroscientists, mostly lecturers and course coordinators, at the
workshop echoed this sentiment that ethics education is hardly taking place at their
institution. They also highlighted that it is difficult for individual lecturers to push
through reforms to make ethics training mandatory. There were also concerns on how
neuroscience lecturers would be able to teach ethics. As a result of these discussions
at the first and the continuing meetings, the network developed a series of lectures
with lecture notes that are targeted towards neuroscience lecturers, who could then
alter and use these lectures in the modules they teach. All lectures combined, 12
in total — 6 on security and 6 on neuroethics topics such as human enhancement,
could also be used as a full ethics for neuroscientists lecture course. All lectures are
freely available online. (University of Manchester, 2014) The individual lectures
were designed to be useful to anyone without any background in ethical theory or
knowledge of the specific type of problem. The decision to forego ethical theory
was a result of two concerns: first, neuroscientists and students might be put off by
ethical theory, also that lecturers might feel unqualified to teach ethical theory, and
second, having lectures filled with theory might undermine the utility of individual
modules, if they have to draw upon theory discussed in earlier modules. However,
as workshop participants were reluctant to completely forego ethical theory at all,
there is one lecture that only deals with philosophical concepts, which is a stand-
alone lecture but could also be used to supplement the other lectures. Similarly,

as the second part of the module deals with security questions that contain quite
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a bit of information on international regulations, one specific lecture is set aside
that deals with the concepts and the language of international regulations. Overall,
there are two direct goals for the module: first, to provide information and thus raise
awareness that there are ethical issues specific to neuroscience research and that the
dual-use question is pertinent to neuroscience; and second, to challenge lecturers
and students to think critically about and be able to identify these and similar issues
in their own research. In addition, the module also tries to stimulate a debate about

the nature and the goals of neuroscientific research.

(3) Educational Action Research and Empowerment

As part of the research on identifying current needs in ethics education for
neuroscientists, it became apparent that our research did not only entail the
production of a specific tool, i.e. the NEM, but the research itself constituted a
move towards an empowerment of the participating scientists as well as via our
awareness-raising and interaction with the neuroscience community. The idea that
research should have a direct social component comes from the work of Habermas
and has been taken up under the label of educational action research. At the heart
of this methodology lies the conviction that research needs to do something
beyond the creation of knowledge. Within this discourse, which has been shaped
heavily by Carr and Kemmis’ Becoming Critical, published in 1986, two separate
strands have emerged.(Carr & Kemmis, 1986) The first approach centres on the
technical capacities of the research subjects. Its proponents argue that society can
be improved by enabling those under investigation to become better at finding

‘technical’ solutions, i.e. to improve the ability of communities to be more effective
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in addressing an issue. A second form of action research has emphasized the need for
emancipation, i.e. research needs to enable communities to understand, challenge
and break-up existing power structures that limit their own growth and potential.
A definition of the latter is provided by Grundy who claims ‘that emancipatory
action research seeks to develop in participants their understanding of illegitimate
structural and interpersonal constraints that are preventing the exercise of their
autonomy and freedom. These constraints, she argues, are based on illegitimate
repression, domination and control. When participants develop a consciousness of
these constraints, she suggests, they begin to move from unfreedom and constraint

to freedom, autonomy and social justice.’(Cohen et al., 2000, p. 231)

The academic debate between the proponents of each side goes as follows: Those
advocating improving the technical capacity believe that those on the emancipation
side do not provide tangible results. Those favouring emancipation argue that the
‘technical’ action researcher propagate the status quo and their practical solutions
undermine the ability of the communities for actual growth and being able to
challenge the power structures that keep them in place. However, it is not necessarily
given that both aims are mutually exclusive. The rest of this section will outline
how the NEM may both provide technical skills while enabling neuroscientists to

challenge existing, or rather, emerging power structures.

Inarecentarticle, Kuhlau(2014) suggested that there has been apower discrepancy
between scientists and security experts in the WHO meeting that discussed the
security concerns surrounding the HSN1 research. Based on this argument, it could

be concluded that it is the security community that needs to be empowered as their
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voices are not heard in the discussion. While this analysis may hold true with regard
to this specific instance, it fails to take into account the history of the creation of
the dual-use problem. It is within this discourse on dual-use, which was initiated
in shortly after the anthrax letters attacks in the US in 2001, that a discussion of

emancipation and empowerment needs to be carried out.

From the viewpoint of the science community, the dual-use issue and how to
deal with it, becomes a struggle over the authority of their most sacrosanct activity:
the production of knowledge. When in 2012, the US National Science Advisory
Board for Biosecurity(NSABB), an entity that owes its origins to a discussion that
had been going on after the anthrax letter attacks in 2001, recommended that a
scientific paper on H5N1 should not be published, it was for the first time that a
wider science audience was aware that a debate about the risks, i.e. dual-use risks,
of scientific research had taken place. Without any prior engagement by the science
community with the issue of dual-use, it should have not been much of a surprise
that the reactions to the NSABB and its recommendation were negative. After all,
from a scientific point of view, the NSABB recommendation constituted a breach
of the scientific autonomy on the production of knowledge. Suddenly, a political
body decided dared to decide what is an acceptable scientific paper and what is
not(of course, the NSABB was only allowed to make a recommendation, yet this
still constituted a violation of the scientific process and could be seen as a first step
towards political regulation). Contrary to what was observed in the WHO meeting
on H5N1, it was a grab of power by the security community at the potential loss of
power for the science community that took place with the HSN1 recommendation

and the dual-use debate in general.
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The goal of the education is to enable the scientific community to engage in
the security discourse and be able to understand the questions that are being
asked. Why is this important? The major reason why science should try to work
with the security community is to make sure that no formal procedures are being
implemented without their input, i.e. that no laws are passed that would significantly
harm their production of scientific knowledge. Without scientific input, it would be
left solely to the security community to devise methods to reduce the potential for
harm from the misuse of biotechnology and biological research. As the security
community is involved in its own discourse—a discourse around benefit and harm
of scientific research—it is unlikely that it will understand the science discourse—
about truth values of scientific research—-when making such decisions. This issue
is more pertinent as one might think as the US government has proposed a new
policy that targets dual-use research of concern in early 2013.(Office of Science

and Technology Policy, 2013) This policy is likely to become law in the near future.

But there is an additional reason why ethics education for scientists could be
useful, and this specifically goes back to the questions of why an ethics education for
neuroscientists is useful. As pointed out earlier, there is a concern that neuroscience
could be subject to an arms race. In addition, current initiatives to strengthen the
BWC, e.g. resuming talks about the establishment of a regime, have been on hold
since 2001. If neuroscience were to engage in a security discourse it could open
new doors in terms of asking questions of political responsibility. For example,
why has so little progress been made in strengthening the BWC? While individual
scientists may or may not be keen to have their work used for military purposes,

it is necessary to have an understanding on their part that there is such a thing
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as weaponization of neuroscience. During the ethics for neuroscience workshop,
several of the attending neuroscientists started to point our research in their field
that could be of interest to the military, a question which they had never thought
of before. For Lyotard, ‘[t]he actor in the postmodern is one who struggles with
an infinite number of language games within an environment characterised by
diversity and conflict. The challenge for the action researcher is to embrace this
notion of language games, which can give rise to further social action. That is,
making a ‘space’ for social action is possible only if there is continuous struggle
through language games.’ (Jennings & Graham, 1996, p. 176) Thus, not only does
the ethics education of scientists allow the scientists to compete in this struggle on
the issue of dual-use, it also allows them to generate a new struggle through their
engagement with the issue of international regulation of bioweapons, i.e. the BWC,

which may break up fossilized positions and calcified dialogues.
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2 BEFPAY B7531HA] obY gl (Each State Party to this Convention undertakes
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method of production, of types and in quantities that have no justification for
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P N
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- 2014 : ¥4 (pathogenicity), &2 (virulence), 5438} (toxicology), ™3}
(immunology) 2] ©]3f
- 2015 - AEF7] 9 540 AL A3t 2 o]l 3t
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A72F H7r8l )5 fls) oA d=ro]l A3t AtrolM #strlee] el o
Sk bRl Ao g (1) A= tE g FoF 7+ &3 (convergence between
disciplines), (2) Arg2}ste] 14 (principles)¥} 7] 2 (mechanism)ol thet o]sj 2]
7t (3) 44 A8l A 413 o]s (shifting focus of priority), (4) 787
<589 X197 tHE3}(geographical distribution), (5) G#3}8H(open science),
(6) Ab3]9ke] 4259 671417 8.okH 1AL, 2013 ¢l 7HA 7 3FS = Developing
Countries Vaccine Manufacturers Network™ ] 24491 S7Hg o2 v @A+
of S7HAl ok Al ool A AEAF o oFF 0 2 HH e Sl 0.z o) A E54<
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HA g A E =GR vk T AR R Qlste] vhE ArAke] A Al
dd 7 flolM dedT7E HS SXE AL e SRR,

* Alaric Daerment, “Biosimilars Market to reach $1.95billion by 2018, study finds,” MedTech,

November 25, 2013, http://www.medtech.org/news/global aspx?recid+4207; Sonia Pagliusi
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et al., “Developing Countries Vaccines Manufacturers Network: Doing good by making high-
quality vaccines available to all,” Vaccine(19 April 2013), http://www.ncbinlm.nih.gov/
pubmed/23598479.

** tacit knowledge (9HE-24 Q1 A 2]) & A 81 A AL Th2 F o] 4541 Slsrol] Whato] A3

A 739 (hands-on experience)S £3l] 755 = A4S Wk},

Aol izl ol o] T2 WA :

29 6714 FB o= Lprol HE 5 ek,

=g =X18)Fal
= 1, 71 O 71
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A. A¥ A (Transmissibility)

574 g2 9] &4 glo) o] Psshl shel B9l f % el
2ol jk ol 319l Z7l0] =e] thdo] IR 715 BT (gain-of-function

research) & Fslo] o]|FojFal, ZRH=5lole]~ HSNITY, HINT™, H7N9™,
H7N1™** F-o] 1% )t}

* Robert Roos, “Study: Lab-made HSN1-HIN1 viruses spread in guinea pigs,” University of
Minnesota, Center for Infectious Disease Research and Policy, 2 May 2013
** Ying Zhang et al., “HSN1 Hybrid Viruses Bearing 2009/H1N1 Virus Genes Transmit in Guinea
Pigs by Respiratory droplet,” Science, 340(6139) (21 June 2013): 1459-1463
Wei Zhang et al., “An airborne transmissible avian influenza H5 Hemagglutinin seen at the atomic
level,” Science, 340(6139) (21 June 2013):1463-1467
-

Ron A. M. Fouchier, Yoshihiro Kawaoka, et al., “Avian Flu: Gain-of-function experiments on

H7N9,” Nature 500 (8 August 2013): 150-151
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** Troy C. Sutton et al., “Airborne transmission of highly pathogenic H7N1 influenza in
ferrets,” Journal of Virology (2 April 2014), http://jvi.asm.org/content/early/2014/03/27/

JVI.02765-13.abstract

B. ¥9A4 9 Z8(Pathogencity and virulence)
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L Eepav] o] 4] 58 #9159

C. E43K(Toxicology)
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W7 GBI S5 A kAL, 22 (ricin) S2400 tl gk S8akA] A

AR Ao 23 E A Stol th3t o] a7} FH E T}

D. A& Al (Resistance)

A 7R A S ek 44 W ol (mutations) 5ol tieh A-2] 21
o] AL, ®71e] Eekeof AR, HINT™ B H/N9*** 2] Bjw] &5 (Tamiflu,
oseltamivir) ol Tt A gk o] B 1= AT},

*Jun Li et al., PNAS (11 November 2013)

** Nicholas Renzette, Journal of Virology, 83(1) (October 2013): 272-281

sk

Rong Hai et al,, Nature Communications, 4 (June 23, 2013)
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Fo- HE7177F SAEHA AL A Sl WA E Bl ok ol sk
kol gk 1R 7] wistoll Ae7] w7] Al I A B el A A kel
ol P oA Z FAALS]of] Hrgatar, A Q1 Al 5E fl8) vl-g- T Qs whebA
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7) OPCW : Organization for the Prohibition of Chemical Weapons, &Fst27|&X|7 |7
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1. I=tAIE = E7AE 2702 nHEM HE5N1 Hio[2{A ¢+t

2
Ju
o
IIIIN
r.Q

IX} Hio|2A

20031 0]% Zujof] P4 271l 2H Avian Influenza, A7} & 4x}e) 2
A sk A ZRRJETFAAE AAAA R TS 2/RES S
™, Sl A = ZFEARIL S} T oS 918l = ok rke] & AR S Aol Sl o

ZAPAT I ] 2FRIETFAAL vpol e A DAL HA 2R e 2o

S

o]

3=l (haemagglutinin, HA) ¥} A< 3F wpol 2] A7p Al 2ol A whaj -2 o 2}
4-5h= b ohAl (neuraminidase, NA)7F A& YER) = d] 9lo] 1§ 5238}
t} HAE &34 320) 53 sialic acid residued]] F-Zsh=d|, <sF 55719 sialic
acid residue Z4J o] Th2 7] w20 Q1ZF-qlz} vlo]g A 71 <2300 UHA HAZ ¥
AlA gl ko, whebs] T Z1stEE VERdT) & 25l FStEE Vel

whol el st Qube 2 Aol A 7 Qo1 o] uls- of ), o] e
WAEE FPUE LPro] ABTFAA volel A B k. BEHS 2R
#5702 vho] el 2= HASH, NA 19, 2 HSN1o| e, o] HSN1Y 2H.915al4 ol

olg| A= ol A E M, Aol AlE 2 AEA] S Ao® Al AR

Aboll Al A = 2 AREo] wlg- =obA] HONI Hpol 2 A S A 2 RAEFA

EXN2E T9




A} vpol e Agkar Fke}, Al A 24 7] 7 (World Health Organization, WHO) ]|

2003\ o] 31173 HSN1 Hpo]2f 2 ghef o] 15 AbghE- 6309 0] 3L, ] 5 3757
o] APL(60% AFEE) HTFAL Sk, TIRIH|, Q1EF-<lAL uhe] 2] 2= RNA 1o 2 20|
3L, Sihke] 870 At Hof glo] A T Zdwolrt 2 dojuhar, ApAA oA A

H <& (reassortment)ol] 2J3l Al 2-& S| S o] 7} EAE 4= g} wheba] o]y
@ Eedole] AszAl A 2RIELAL vjolel vk Aol 7o) 2

o Hpele AR whgo] A = gl Ao MAIAIA QL -3 (pandemic) & FA W A

(2) 5 72| 182’ H5N1 Hiol2{A A2 =Fof| et Mixh

2011 129 H5N1 Hpo] 2] 2ol gk =3 29 0] Fars] o], AR = & 7] Aol 7]t}
& =ehs SIEln) F =S ZH) Atold A (Science) A 9F Yo A (Nature)'
Aol FAE A=, W= AYERMEE 9% 7SR 91 93] (US National
Science Advisory Board for Biosecurity, NSABB) = Z3A}ol| o] F =52 Y& &
A5 AAEkL E3hel Dk aS Atk IEFARF ATRe] AR 242t
T2 29 9] A7-27F H5N1 791 &7 QA} vlol e A5 g oto] 1A 4 0. = Abgh
Al Add = J= vpol e AE Alxsk=d] AEdivhs Zlo] 1 =9 W-goltt,
NSABB+= o] upe|8 27k A A ap] 291 HA A A A o] F38& e+
L UThaL Bk, o] & thE AbdEo] ofefH o g Tlkste] A= E e Sl AH8-S)
Al Sehie g staat Pl Aeojok, e, 3 T1E50] A Ak of W Zlo] A
= O 28] AR s 5kak

SEA 7] %k whe o] HSNT wlolei s ol 318t o] glo] Z/elnt 24
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" 9 2011 99 EER(Malta)oll A 7HEE IEFAAF A giso)q vd

g o gbARA w|t)Z AlE] (Erasmus Medical Center)2] 3] 284 Ron AM.
Fouchier)= H5N1 o] 2] 8] HA F-31212] 37 G714 E-& Wo|AZ] vlole]
£ A (ferret) o] 520 ZFA A 7151 ZL SAH| o[ A] vlo] 2| A5 w2l o], 2] g v}

ol AE B2 W oE e SAM| A A5 o= 10| At ZFEA1R A3 24
H]S7kbol| B (aerosol, drople) S 814 5872 AkE 4 Y= H2o =3t
Hlo] g A7F dojokal W g} o] F 3| 2 W= ScienceA| 9| o] AHE F

S

P, o) B} 25 oA vl Y AFZAIYSH University of Wisconsin) 2] 71912 7} Hl
AH(Yoshihiro Kawaoka) ® %= AN A3E Nature#|ol| il o}, =AM = 1=
TR} AR A AFSSHE s w BEEA SAH] 35715 Fall 3ty

= Q1A vho] e 22bA ARl g o] b5 sheks 2 ouldiet, o] 1

=3
AT 5 9e-e AT b o8 2 NSABBE F 8- ARG i
& A A 24899 Aolth

(3) 22 Zatcie B3

e, 34l 108 At 749 F o Qo] dolek AR 3] Zof Aol

EH, Hx 3710 EAWe|RE HERE 1% SF 717 E7FsPAR 10919
A 7 Foll F7H f
dRio]7} ojd 9ol of® fr]ellA TAF=A7E HHEH, 7] T AHEE
717l vpol AT FEA O HAS &5 -84 H-2 A2

4
SVl PR T, A F-910) T Al ofrl ik AT B Ry
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MEF7IEXIFEL YEX|

sl "o, AE SAMIES 54 fhobr o] W2 low Holn,
oseltamivirg} = gutole] A Aol 7H=Ado] AR1aL, B3k HS AlD Q1EF41A] vlo]

o2 wlgl o G aake Ao ke Ale] IRl

(A3 F35|2 2Ale] H5N1 USSR AUIX} Ho|H A HIE Al &3 /2

f_\f—\f—\f—\f_\f—\f—'\. r‘_'\.f‘_'\.r‘_\

© eeecceseees 5

S ecccccccece &
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mmfﬂ. o

Z3] 1 Science 336, 1534 (2012): Sander Herfst et al.

Fo| 2= ol AP A o2 A 23 A AL vlo] e AE o] ApAA| o] 7o
j

M ol d = olge ARkl 9l 53], T3 5 el A Aol §le] A
T bl oefeh T & 7h = Al Al QlE A WMAIAIA L A ]
o) 9laf e aw 2HEE o gl

SFo| 2H 0] =R Fw 44 Nature#] o] Al 7hebe 7 €] =22 H5N1
o] Aol 7+AE = Atk B2 AHE Ho] FAA R WS 23] o Zlo]9d
T}, Z15-2 H5N13 HINT(2009% JHAIAIA Q1 -3 9] lo]ld) 8] ste| B =
ko] A (hybrid virus) & A2 Tk H5 HAS 47]¢] el & skl HINIvE
olg] A}t A DS Eal) H5 HAZ H-& HINI 7702] 44212 71 so] Ba] = H5
HA/HINI Blo]# A5 RH= Zlo|t}, o] upele A= FAlnol] 7l so] Fof ¥aAs
Holi ATt AFA Y BAE b 21 o= SRIHAANE, g elide] ohe]
A AAE SAHE FolA = BT 7Het et T2 stol By & Hlo]# 2~o]7]
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“
gk g 3he Tsl Zlo)7] wjitol] B HSN uho]efxo] 47]9] Elnio] s o
O a1 Ef-F3tell 29E o S glokar 9| 9lek SRR Rk H5N1o] #)

Q) Edio] 2 o7 Wsarin QA 1 ARe 2ANT)E 5ES 71 A

(4) OIZH ALE2| £

HSN1 nfo]2f 2o |AIAA th-f-3S ogsr] 913 o] 293t 7hekebg o] o
ol Hhsfo] kAl 7]=gt| 2 ol 2 ¥} 719k 7l o] =S F3131S w NSABB
] ARV A e BH 0 R o8 A7) v, 9 AR el
2zl PRAe F, 0159 A7t AFAA oE & = A, sjokE 7
%= k= o] T8 (Dual-Use) o] s=A| 3 o] w22 Zlolt}. o]#] 3t 9-21:= NSABB
A SR o]} ikl AlFSE 2] H 91k, Bl Bl e Ak
So] o] 5] ] 1S A on], B3 129 ATE FYD ATAES
jeigiet. Q7o) Anke HUXE w2 A9E wasle il drks ol 7k v
LA =0

T, 3 o] 59 e 7F e AT QAL A AL A A el A
O] FrEAbaLel FHAALALS] WA B Ao] ofut} 2003\ A 7HE S iTheta e
A 2o 4] AFA(Severe Acute Respiratory Syndrome, SARS) S 3 -3}t}7F 91
ol Zrd ¥ Atal7F ol om, 2004 S5 wjo] g o] 7 At Aol A HARE AR A A
& Foll dyrslol A Ao meyit) o] B 2w 9l 2001d 4579 35
ol A 414 (Foot and Mouth Disease)o] WA ZAFAY T3 kol 9
A AFAo A FAGHAE AT T ulE A AE O] EFO R A< vlo] 2]
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27  FEE G Fodn) o] & Q18] 12097 wig] 9] 715o] A E-E 914, 111,000
A7N 572 7h5olEol wAE Aol AT FALE g2 20011 A o]
Aate] zvhate]o) o] 2= 715-S AR, 15622 & 42> Aol U
A, vkl = 2011 A1 o] Ehgste] 35 179919] s Ho] Tt
T3 oo Ql A o 2 WAL FrEEAY AEH 2 AR dlE drk 2003
d w= gapAreke] EupA Bl S 2 9kAH(Thomas C. Butler)= 2Hlo] A7-51¢d #)
2 EqH(Yersinia pestis) < )= o= wisd ARdo] gl9lon 1992\ o&xle]uw
(Aum Shinrikyo) AF#-E-2] ¥-4] 1 (Bacillus anthracis) ¥} 252] =2 (Clostridium
botulinum toxin) 2] o|o]ZZ ¥g]7], 2001 w]=kol| A w3k vl Al 72 (Bacillus
anthracis) 7} = A8+ AR S 5 7 Atk vhef 213 1A 7] WEd H5N1 el
27F A ARLLE S8 ofo) ARl A 0w QlEf] FrEH T oW o] Ao
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BE77) #A 02 okel WaE ALsehn AR S 457 94 of
Aol whe ARkl ABT7] 4 o8 27 gH s gulsh Basi) wi

AE7] BRI 7HA (Monitoring), 74 B.(Alerting), 3 (Sampling), &
A (Detecting), F7441® (Identifying), }.3(Reporting) % 3 E-F%(Evacuating

Sample) 5O = T3 = o] U},
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B R oAM= AAFE e ' Ffprehs eSS s ] 913 Rl i Vs

Oﬂ ‘3]13}04 /l‘ﬂ 74];(_—]] o= 7].ZJ- |=l3=g=] U] %‘7’]’ @_.3.% %‘ﬁﬁ ‘1‘:5"&1] ’8]—_]7_Z]— _@'E]'

. 4=57| Set =5Xl 2| g

2]
7 #i X% BIDS (Biological Integration Detection System), JPS(Joint Portal Shield) <2}
20043 5-E AA7EA] A7 eF 1000  th 2 oF vl =] = 5L Q1= JBPDS (Joint Biological
Point Detection System)-©] 1.2.™, 7ju}t}e] 79 CIBADS(Canadian Integrated
Biochemical Agent Detection System)7} QIt} (& 2). (3 3)& thx A<l AEF7]

S gule] 54 Hlag Aol
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(& 2) 0= A F{LICte] W=F7] BIXIEH]|

BIDS

int Portal Shiel
Sl U (Biological Integrated Detection system)

JBPDS CIBADS
(Joint Service Light Nuclear, Biological, (Canadian Integrated Biochemical
and Chemical Reconnaissance System) Agent Detection System)

27t Al ZA 43 Sx FEAM @e  EE2 3B
DFU* - o - - - -
JPS O O — O O —
o=
BIDS @) @) O @) @) O
JBPDS o o — o o
AMEE= A
(Sr= e
20017 @) @) — - O O
A5
= S==
5= i) - o o o o o
N
xR @) @) @) @) @) @)

*DFU : Dry Filter Unit
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i, Tl = AEF7|E "Ash] S8 AESAHEAAE 7Eate] dell A &
& Foll ek =g TSt A F R0 2 AE AT AW 7] (BTDS, Biological
Agent & Toxin Detection System, B2 713 Z 7§l v} 9l © v 7143 (fixed site)
ol AE=ATA7](BTMS, Biological Agent & Toxin Monitering System) ] A

-

B AR S SR shleKE 4).

5
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IV. &A[ZE S=EFT] ZA| ZH]

A

1. &A[ZH HEFT] ZA| =E|

ANZF AEAA S 7E2 e 7] F R dAE Sdske] A, 553 5 o
S5 TGt L& zAlske] LAY S AFekg(scattering light) Al 7] <} w] eFat &%
(fluorescent light) 7] & S7d 31 ATt PARJIA] LHHAAIRIA|E F2-8h= #l o] A
TEPF 71Eo] A o R EE QLo Htol= Hlo] A o] Tl Heket
UV-IEDE ©]-&-3F A9l Al 7@ 7| 7ol I Folnt.

LY D HolA fE GH& ol 48 HARE 42U 71 7149 U2l % ned
Fot. #7] Bol Hiohs AR FUsHe] ol BIpY)L YA Abhs
Bl A0 AL ZAFIE i A EALE W) ]3] g 2070 o]
Argpe] 21714 k] 217]0] vlel gk, S A ARk o e v §- ok

AR P AT, nebd Pt Aeke 224 #1571 SH5 92,

ARt AA7F A )= A SA S A S QA A w= Akt

olu

F”lN

J
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fluorophore&- ¢17] (excitation) 2} &34 (fluorescence) 3¢S F4 2 Ae|sle] =
& Aot}
Excitation (nm) Fluorescence (ﬂm) Quantum Fluorescence
Compound —_ .
Range Maximum Range  Maximum  Efficiency = Decay time(ns)
Tyrosine 275 275 303 303 14% 2.6
Tryptophan | 240~290 287 330~390 348 13% 2.6
NADH 310~380 | 210, 260, 340 | 420~520 470 1.9% 04,18
Riboflavin 340~430 267, 375 480~560 535 26% 4.2

380nmell 4] 405nm 3H7g-2] tho] @ & Hlo| A& FU 02 AM-Sh= -5 NADHS}
Riboflavin7} biological fluorophor@ AF&-% 31 280nmy-2] UV-LEDE ¥ o2 A}
£-5}+= 7% Tyrosine} Tryptophan7} biological fluorophore® AF&-F T},

Riboflavin-- 380nmo] |t o] 7] sp7go]m & 3g-2- 480~580nm 3ol 24 o] F-4]
31 9F 535mol| A Z o} W& Th NADH 340~365mmol| 4] ¢ 7] %] o] A] 380nm -+

B2 WA,

A2 0 & 270~280nm 3p7gol| A= Thil A o] 523 404221 Tyrosine ¥} Tryptophan
T Fgo] BAHH, AEJA} obd A f-elx Fago] WAsr| = gt 1 4
2 719 E4e 37 oA 23 2H8-ate] 300~800 nno] GBS AT

270~280nm 3}4-2] 339 0 2= Xenon, Nd:YAG = UV-1LED A&
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2. MAIZH ME27| ZAlQ] 17 AL

(1) Jim Ho, Hairston in DRES and TSI

Hpol @ oojmE B ] sl 7] A2 1980t b Futol] AJats)
o] 1990t Fybol] eSS Wiz} 7lviehe] =4l7]13 DRES(Defence Research
Establishment Suffield) | 4] Jim HO= AF2]4d cytofluorometer®] ofo]tjo] & #-&
sled th7] 912 UV-LIF £217) A28 v

Jim Ho®J o}o]t]jo] & TSIA= APSE 7]HES 2 7]
Z0] 7Fs 3t B ool 2= AL X (FLAPS) & Al eh. W=t e] % FLAPS &}
T oo]o] HAl WAL UV-APSZ oFel ] 9ith 83 =4 a3} 7 o]<e] Ak vl
37} 71242 Jim Ho®l g o= AT} 199413 FLAPS I A A2
AEFAA 2" (CIBADS) ZE HAEES 913 Egde]o] ¢hs, AX] ¥,

r
>,
s
A
ol
i
rlj
o
i
=
oftt
o
o

T
K
©
o
n‘.?‘_i

24|t FLAPS2: 7iujtle} ECBC7) 350 & 199533} 1996 ol 7ia-akg]ar A
A2 TSIol| 9] 3l Al 2H=] ATk, FLAPS2= 39 0.2 1A 2 o] A (tripled Nd:YAG) 2
2B AR YA AW R e E Eoll ZAVSRAL o] uf) Bk B akeks S
A}, g-elo] Ago] ofy il Wak(pulsed wave) o] F347} 20,000Hz0] B2
=3 FHd 20,000712] 4Apre] Z4 7Hssitt o] A 1999\ el 1] S P3I
BIDS, 7iut} &<t CIBADSA] A~ Elof| o] &f 2-8-% 1T},

v

FLAPS3E: %91 % 405nme] thol 9. elo] 48 ALg3k= 5] glck. a4

# 71% A2 AL BTH @R 27), WAL 1)), 14919] The] o= #lo] 4
£ ALg37] wliel 24 ARl 277t Aot A A5 240 ) o)

sxH2: 111
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(I 6) HAIZHHSF7| ZA| ZH|2] JHE THA|

1MICH 2M(cH 3AMIcH
'.'1. » mri : i
- ﬁ =

e - I e

i E, ,".' \ :-u-_—- —— -
x| - APS - UVAPS-3314 - UVAPS-3317
A e - PW 2{|0]X(355nm, e lee
< - Time of flight Qe i - CW DL(405nm)

- - 20X FX[E4 U= At

£r S T 27 i _ - 5

T  SRURS Hiet SRS st

(2) ECBC(DI=)

2004390 7ol Alzbel, Ao v]g HAE A5k A e UV-LIF EZAZ <Y
71 TAC-BIO:= DARPAS] SUVOS IHA| 2 7lak=| Qe 1 Ax] o] 448 sjife) Abek
=4 Qg3 sl g A A o] &5te] iy &gy Aleke =A%)

] o

= 340nme] UV-TEDE ARS8l 354715 270 9] PMTE ARE-3ic)

A2 A 22 1] A (bacillus subtilis globigii) 742 ¢13] olo] 12]E{ 9 eF 1007} 2}
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$AI1Z ES1 §21491 ROC 712 58 717 G317k g v Qe

TAC-BIO IIi= £9& o]-&-sto] Eehis A= 2L 7P7] nhagl o o143
340nme] UV-LEDZ AF&-3}7] w0l A%5-S TAC-BIO 13} FASFCHGEE 7).

Suh)sted 49 1] 30] ECBC % ARLE 24 7] 2 TAC-BIO ol A A185

(& 7) 0|= Tac—-Bio 7H &2t

TAC-BIO | TAC-BIO II

(3) Lincoln Laboratory
EHlo] 7P 3491 A} A o] - Lincoln Laboratoryol] 4] A =)

T} AgAe Hojx 3712] nlo] @ ojoj B E Ed] A A|AHI(BAWS, BAST, RAAD)S-

Hio] @ oo & 1S A &} 21 E & 91848} 7)) 7l 4= 2009% ¢ Lincoln
Laboratoryol] 2J3] BF It} LIF E2|A 74| st=9gofo} g5 o] A 2~
o7 A A7} Dr. Tom Jeydl| 28] P71 282 A do] wx i)
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1) BAWS

BAWS(AE2H-A] 1l A14)= 19965-E] 200081 7H4] Lincoln Laboratoryol] A]
M= AT} BAWSE BE2eA] THA17)E Fe7|vho s she 3w 2ldetd &
Hlo|t}. BAWS:= JBPDSE: 913 E2|AE 7|HFo 2 1= 3340] 1, BAWSE A g
2914 421 2319} gl o] A aAE o]-§-stal, FE tryptophans EFA .2 gk} 2L,
EE3) Zg]9A] 7 E Nd:YAg #o] A= BAWS 7HE-2- 913} Lincoln Laboratory
oA 7Tt

2) BAST and RAAD

RADD:= Lincoln Laboratory$} ARL, ECBC7} § 2 7§tg)t}. RADD+= thefsgh 3}
oM AR5 Edsh= 2442ke] Ak S o) 7hsdttt e vl Al S = ek
RAAD= 808, 266, 355, 1064 3178 o] 415 o] &-3ktt, o] 47]¢] spg-& o]-g-3hd &
4 2~70Y, 934, 183 LUBS A5 7F ¥t RAAD= A 8bA] TIAR] B o] gl

oAk, As) A28 4 9l Aol

(¥ 8) Lincoln Laboratory g7 §igt

BAWS BAST
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(4) BIRAL(3=)

1) VeroTect

VeroTecti= ASAS(Aerosol Size And Shape) technologyZ ©]-&3}o] Ao w2 1
E ixte] 7] 9 FejE £4510 FFoz AEQIAE wsEte], Azt vl
ol =4 RUEH B EA k= Al A"oltt AL 7E 8 02 AT 5177 3l
ojof g 74581t} Xenon lamp AFE-810] 280nmE ©718}37 330nm~650nme}
420nm~650nme] FF IS 2k Lo, 2 1/min £ieg FA ek 54 YA

1= 0.5um-15m= At 20,000 YA}/ 22 B4 7131}

2) AFS

AFS(Aerosol Fluorescence Sensor)+= VeroTech?] & 3-21z} 7kA] 7S AF2-3)
Sk AIE o 24 280nm=E ©17]3}FaL 300nm-420nm 2} 420nm-600nm<] 33 Ad
< o]&3te] AAIRL ool 2E FF-E ST AFSE T 0.2 -85t I35 4
%3171} Aspect(single particle size and shape analysis system) ¥} A g}to] ¢12}9]

27 9 73 A0 S]] there 548 15k ol go) ZPssh.

o= o

(H 9) F= BiralAle] A+ &

BAWS BAST

o
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Ay CIBADS JBPDS VeroTect C—-FLAPS
J|mhRE
011K 355 266 280 405
(nm)
a4y _
ol5
@ 50 50 50 0|5t 50
H| X
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3l g 3] ek oheh 1 BALS AX)s] wwel AEot ake] Ja e

A = Ao} (1”2)= 1]=12] RAAD(Rapis Agent Aerosol Detector) 2] 2] & X

(1% 2) RADD2| &4 2|
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@ 0=, 22 27|LIM HEZHAS 0|28 8277 &3

0j=Z 7|50 25tH, 2f 50 Tof 0|F0| Y= 27 |LietoM WEF7| s 122
Oleh AHAISH A2 LIEFTE.
W SA2 0lFZ0| HEFYTO| 2Ll o detS D[X[=A] =felsty| ¢
1961EH~1962E7HA| = 9{0f| O] @& mE2|= MRS AAIL L 0 2

ot A= E 285 ML)

2ME EH 0|0 &8 AZJ|IE 0

ol A I
ZSHHAM o012 X[HoIM ALZe S22 5¢

Ol= YF= 5= SEHO =710iM HEGHT S ARZE 7sdE dEoiE X2
2 M, Al He tSd2 196940 Ol=2| WEF7| 7iY =382 SHs=S

Y

O O AA

(Global Security Newswire : 2014. 1. 13)

@ 0|=, ZHALA HIO|2C|HA AJMo]| i X=X oA

M=z Z7l=l 0j=e| ZetME-HHomnibus appropriations bill)ofl= of| &=l ZHREA
Hlo|C|HIA A4a0f CHal F-H o] AKX (A2l 134 04 st LHEO]

Oo L —
SOIRAUCH
5t MEel=l7t el getol =M, ofx] S =X pi2 O] m U= yU0iA

A (National Bio and Agro—Defense Facility) S 2I51 2014H01| 424 4002+ &2{7} X|
2= ofl”o|ct.
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A2l ME ZEQHE A 2|243](Senate Appropriations Homeland Security Subcommittee)
°| Mary Landrieu 2|ZHTIZEE FO[|X[ofLb)of (2, O] Z2ME= 20130 3,070
Ot 2 E XAt Of 2o i A7 J7H2 Sl SAPLAIZHE o ™olCt.

Jerry Moran & 2|2(SEtE-HAIA) 2 Al MIZZ o] o] A
o|=0f| SXIFE A/ & Hetn LU=, OEREX] O] AlMe| Eedat f|X[of 25t =

2H0| RUO{ZICE.

Moran 2J¢2 "M S SULOIA|MO] ZHRI0f] AMEX|of 2ol 2|28 7IHMRH

Ho

AE0lIAIE ol AMEX|Y et St yes 2t= Heeh HO| =0{E 2ot 2t =

=

X7t A =[H Qlzte| .7_*7*1P¥'%€——;L01I 2

— =

St =0, eA1Aof oF 1/102 SHRHIVEA| LHE

Ol Z2ME = O|Hof| AIFR| 0] K| x| = af2hol| 2HRHA=0, 201301l Landrieu
o|F2 o] A7t | JAH[Z0] 102 o] SHoll THE fUAIE S| Mol /ol & =+

[

(Global Security Newswire - 2014. 1. 15)

ol

@ 0|= 2di0t WS, 2t= WA S X 2=t

Hies 2t30| AAA0l MBsIH S} Ch2 ZEo| 9/3io] A%

S F7|12 3|USICID Washington Post X7t 2 =34C}H

201413 281 13200 #HEE D|2e| Al TRHMES HelF olAlAle] OlAAIS 7
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Washington Post X|= 2 E3iCt.

O] A22 et 7HX| 0|2 A5t RLUThE A=0f| AX|E TXASLEX] HE20f o= 7Y

— 1=
20| ofl E Ljof] Ha| HoA e 2ZHE=0of| ZHof| tiet 21E & &+ AS 72t

—_L O

AR SZCH SHX|of|A 2EXte| FICH Ao 208 LA
off HIAEE ZFITHE 4= Q= MY AV =S Alglst 120y, O] 7|&2 o|0] Atgfe|
=58 Totll Aol GMe HE=H| 40|11 QJICE 2t ShRiCE

=7IotE 5| 2] (National Security Council) 2| Laura Holgate CHEFAMAR T | E212]E
UE==Z(senior director for WMD terrorism and threat reduction)= 0| ZZHMEJ}

[}
CHE XM SehE et of2tof Ciet CiE |2t otL(2t A of et A El P m|sh 7t

=} —

St AAIA Eofiof] =ES S50 AT RO

20144 AHEMYME 7522 4,0008F 247t X 2lE o &l Of =7 |2fdat 2t
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f
2ofl RLICH HIEE, 1 2|9 871 =717} ollsiS 22 ofl™Oo|Cf.
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El"—'?—oﬂ ol5tH, 2015H0ll= AHSHo|LME XHJF22 4,5008 Za2{7t 7t
o &o|2ty ML 2Ot &7 [Mez HH RRXMoz== 0| Z2NMEE Sl
| |X|-°LJ =7=0| A= FE2| 80%0lAM 57t 11 Of&fe] X[PA ol MEALE
olet o= A & 02t Frieden MIEE2 SUE HEXt2 S Solf #HRICH
(Global Security Newswire : 2014. 2. 13)

>

El
ot

@ 0|=, X|EH H0|2 22| Xjd 2ok CHH| F of

Dj=2 7hgel d=H2 A0l st 22 2lsl X[BAel Bio[2{ Ao XAl =fit

ol X F| s A| 2 AT

ZZ =F=L0| ZFe S0 ChA| 23T 100 Oldte] E5E25715%T
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