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25 April 2024

Dear
Readers,

Out of a professional and personal inte-
rest, | follow global security develop-
ments closely - and form my own opini-
ons on them. | suspect that most of you
are in a similar situation: we have to ack-
nowledge that the geopolitical situation
has changed fundamentally in recent
years, and especially since Russia's at-
tack on Ukraine. With Donald Trump's
presidency in the United States, this de-
velopment has gained further momen-
tum. Values and structures that were
long considered firmly established are
changing rapidly. The law of the stron-
gest is increasingly prevailing across
the globe. This makes it all the more im-
portant for Switzerland to be able to
guarantee its own security. In addition,
it is called upon to make a significant
contribution to security in Europe and
worldwide.

At Spiez Laboratory, we want to contri-
bute to the field of NBC protection. For
many years our scientific expertise has
been in demand at national and inter-
national level to ensure prevention and
preparedness for effective NBC protec-
tion. However, in light of recent develop-
ments, we too must adapt our approach
and further develop our expertise. We
are taking on more and more operatio-
nal tasks and bringing our expertise in
NBC protection directly to the frontline,
for example in specific threat situations,
analysing suspicious objects and, ab-
ove all, ensuring NBC protection at in-
ternational conferences in Switzerland.
We work closely with the police and ot-
her emergency response organisati-
ons. This 2024 annual report contains

Marc Cadisch
Director Spiez Laboratory

several articles relating to the operatio-
nal tasks of Spiez Laboratory.

The operational capacity of Spiez Labo-
ratory must be ensured in the future.
The existing infrastructure no longer
guarantees this in the long term. | am
therefore delighted that we are on track
with the project for the modernisation
of Spiez Laboratory: the comprehensi-
ve tender process for the construction
of a new building is in its final phase,
and the winning project will be selected
before the end of this year. This will be
followed by the political process to ap-
prove the necessary funding. For such
a project to be successful, the depart-
ments involved within the DDPS and
beyond must work together effectively.
I am very grateful that we have achieved
this so far and would like to take this op-
portunity to express my sincere thanks
to all those involved, especially
armasuisse Real Estate.



Monitoring environmental
radioactivity:

a contribution to
protecting the population

Numerous above-ground nuclear weapons tests were carried out during the
1950s. As a consequence, radioactivity levels increased significantly world-
wide. Against this background, a network for monitoring measurements was
established in Switzerland in 1956. Since 1986, the Federal Office of Public
Health (FOPH) has the legal mandate to monitor ionising radiation and ra-
dioactivity in the environment. Based on this mandate, the FOPH draws up
an annual sampling and measurement programme, to which Spiez Labora-
tory contributes with radioanalytical analyses of soil, grass, milk and water
samples.

Cédric von Gunten

Marc Stauffer
Every year, Spiez Laboratory, on behalf specific radionuclides that are used in
of the FOPH, analyses around 80 sam- medical therapies.

ples from various Bernese sites and
from the waste water of Swiss nuclear
power plants (NPPs) for certain radio-
nuclides. At the sites in the Bernese
Oberland (Fahrni, Gimmelwald, Lauter-
brunnen, Miirren) and in the Jura (Dies-
se), the path of radionuclides from the
environment into food is being monito-
red. For this purpose, soil, grass and
milk samples are analysed for the nuc-

lides in question. Even today, these ra- Elaborate strontium
dionuclides still originate primarily from

nuclear weapons tests conducted ab- analysis in the laboratory

ove the earth’s surface and from the ac-
cident at the NPP in Chernobyl. In addi-
tion, water samples from the Bern was-
tewater treatment plant are analysed for

In addition to Spiez Laboratory, otherin-
stitutes support the FOPH in this envi-
ronmental radioactivity monitoring pro-
gramme (ERA), to cover other regions of
Switzerland and other spheres of life
that are relevant to radiation protection.
The results are published by the FOPH
in special annual reports.

Various radionuclides are measured in
the laboratory using different analyti-
cal methods. While some nuclides can
be detected directly using gamma
spectrometry, the analysis of other



nuclides requires methods such as
mass spectrometry.

A particularly relevant radionuclide is
strontium 90 (Sr-90), which is one of the
main products of the nuclear fission of
uranium. With a half-life of almost 29 ye-
ars, it remains in the environment for a
long time. Due to its chemical similarity
to calcium, it follows the calcium cycle
in nature: it enters plants such as grass
via the soil, then into the milk of grazing
animals and finally into the human body.
Like calcium, it is deposited in the bo-
nes where it remains for a long time.
These properties make Sr-90 an im-
portant marker for environmental radio-
activity.

Because Sr-90 is a pure beta emitter,
the nuclide cannot be detected using
gamma spectrometry. In the future, MS/

MS technology might make it possible
to measure it using mass spectrometry
- at present, however, it is still determi-
ned using the classic radiochemical
analysis method (see graphic on page 8).

The beta radiation from different nucli-
des cannot be distinguished directly. A
low-level counter can therefore not dis-
tinguish whether a decay originates
from Sr-90 or, for example, Y-90. In or-
der for the strontium measurement to
be reliable, one must therefore ensure
that only Sr-90 is presentin the sample.
Due to the complex sample preparati-
on and a measurement period of 60
hours, the determination of Sr-90 takes
around three weeks; the additional de-
termination of Sr-89 even requires ap-
proximately 6 weeks.

Ao

Seawater sampling,
Fukushima Daiichi nuclear
power plant in the
background on the left



Classic radiochemical analysis method

Step 1. Sample preparation
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The milk, soil and grass
samples are dried (milk
by freeze drying).
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Poorly soluble Sr oxala-
te is precipitated using
oxalic acid.
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Subsequently, they are
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500° C in a muffle fur-
nace.
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The Sr oxalate is sepa-
rated by washing and
centrifugation steps.
This eliminates potas-
sium and other ele-
ments that would inter-
fere with the following
steps.
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. Step 2. Extraction

The ash is being extrac-
. ted using nitric acid.
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rated again at over
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. separated by the oxala-
te precipitation.

Sr is dissolved in nitric
acid.

Inactive strontium is
added in order to verify
the yields in the subse-
quent steps.
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Using a special stron-

from the remaining ele-

Step 6. Measurement

Low-Level-Counter

Solid residues are re-
moved by centrifuga-
tion and filtration.

. Step 4. Strontium Separation
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Strontium and any re-
maining calcium are
washed off the column
using water.

carbonate carbonate carbonate carbonate carbonate
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For the measurement, the strontium
needs to be present in solid form. To
this end, ammonium carbamate,
phenol phthalein and ammonia are
used to precipitate strontium carbo-
nate, and a measurement prepara-
tion is so produced.

Step 7. Optional: Strontium 89

carbonate

The carbonate precipi-
tation separates the
strontium from any re-
maining impurities.

The remaining sample
is being analysed in a
low-level counter over

a period of several days.

In this way, even minute Sr-90 acti-
vities of 0.2 mBqg/kg can so be de-
termined - this corresponds to
approximately one radioactive
decay every 1.5 hours per kilogram-
me of sample.

If the short-lived (half-life 50.5 days) Sr-89 is also suspected in the sample, it, too, can be determined using the method described above.
The measurement in step 6 then corresponds to the Sr-90 + Sr-89 signal.

A waiting period of 20 days is used to allow the daughter of Sr-90, yttrium 90 (Y-90), to grow in. This is then specifically separated from
strontium via oxine precipitation and measured again using LLC. This allows conclusions to be drawn about the Sr-90 signal. The Sr-89

can then be calculated from the difference between the first measurement (Sr-90 + Sr-89) and the second measurement (Sr-90 via Y-90).




Long-term protection of
the population and
incident management

The ERA programme plays a central
role in the monitoring of environmental
radioactivity in Switzerland. Through
precise measurements and detailed
analyses, Spiez Laboratory makes a
significant contribution to the quality
and reliability of the data collected. It is
always guided by the latest scientific
advancements and continuously deve-
lops its measurement methods - for
example, by including the accepted
whole-body measurement in the ERA
programme since 2024.

The monitoring programme is primarily
aimed at the long-term health protecti-
on of the population. In addition, the
data also benefits civil protection: inthe
event of incidents with increased radio-
activity, it forms an essential basis for
well-founded decision making in inci-
dent management.

2024 new in the programme: Incorporation measurements
using a whole-body counter

The GZ building, which houses the Spiez Laboratory's incorporation measu-
rement centre, was inaugurated in 2023 (see Spiez Laboratory Annual Re-
port 2023, p. 33). The measurement technology consists of a so-called who-
le-body counter that can measure gamma radiation. This allows radionucli-
des in a person's body to be determined directly; their quantity is then de-
termined using model calculations. Since 2024, the Spiez laboratory has also
been measuring around 50 people per year as part of the FOPH's environ-
mental radioactivity monitoring programme. In particular, employees of the
Spiez Laboratory and members of the NBC defence companies are availa-
ble as test subjects. The data collected is collated by the FOPH and can be
used for comparison in the event of an incident.

IAEA-Missions for radioactivity monitoring in Fukushima

In addition to contributing to the monitoring of environmental radioactivity
in Switzerland, Spiez Laboratory has also been participating in campaigns
and measurements by the International Atomic Energy Agency (IAEA) in Fu-
kushima since 2019. In October 2024, Spiez Laboratory accompanied one
of the Japanese sampling campaigns around the stricken Fukushima Daii-
chi NPP. The sampling covers seawater, seaweed, fish and sediment. The
aim is to cover the dispersion paths of the release since 2011. As a result, it
should be possible to make a statement about the radioactivity remaining
in the environment and estimate possible consequences (e.g., ingestion
dose through fish consumption). The analysis data show that the measures
taken to safeguard the damaged reactors are still effective.

Interested observers during
the sampling in Miirren.

Further information
on radioactivity in

the environment
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https://www.bag.admin.ch/bag/en/home/gesund-leben/umwelt-und-gesundheit/strahlung-radioaktivitaet-schall/radioaktivitaet-in-der-umwelt.html

Launch of the
BioFire system for
the detection of
pathogens relevant
to bio-terrorism

As the COVID pandemic has shown, the detection of SARS-CoV-2 RNA using
polymerase chain reaction (PCR) is the method of choice for tracking the
incidence of infection in the population in terms of sensitivity, specificity,
sample throughput and cost. At Spiez Laboratory, the diagnosis of highly
pathogenic viral and bacterial pathogens is also based on PCR technology.
In recent years, numerous detection systems have been developed in-house
to cover the spectrum of agents relevant to biological events. With the new
BioFire system, samples can be analysed within one hour for pathogens that
are particularly relevant in the context of bioterrorism.

Olivier Engler
Kristina Schmidt
Matthias Wittwer

Depending onthe issue at hand and the
timing of the analysis in relation to an
event, different detection technologies
are used in an incident: If the pathogen

Identification of unknown
pathogens

During the initial phase of anincident, it

has already been identified unambigu-
ously, a high-throughput PCR system is
more likely to be used - a method which
can detect the respective pathogen
with a high level of specificity and sen-
sitivity.

is usually not yet known which pathogen
is involved. To identify an unknown pa-
thogen, genome sequencing (Whole
Genome Sequencing WGS) is the met-
hod of choice. However, WGS methods



require a great deal of technical effort
andtime and are also very expensive. In
time-critical situations, PCR-based
methods are therefore often used,
which can test a sample for a whole
spectrum of pathogens with a high le-
vel of sensitivity in a single test run.

In a clinical context, the selection of the
range of PCR detection systems (pa-
nels) depends on the symptoms (e.g.,
respiratory, gastrointestinal, neurologi-
cal, etc.). Inthe context of a bioterrorism
scenario, such as when investigating a
suspicious laboratory or a letter contai-
ning white powder, the panels used co-
ver the pathogens particularly relevant
to bioterrorism. This approach focusses
on the pathogens listed as Category A
and Category B agents by the US Cen-
ters for Disease Control and Prevention
(CDC).

PCR detection on a chip

In order to further improve its services
in this area, Spiez Laboratory introdu-
ced in 2024 a new multiplex PCR test
system, the BioFire FilmArray system.
The technology has been certified by
the US and European regulatory autho-
rities. The FilmArray system uses a ‘lab-
on-a-chip’ approach to detect 16 patho-
gens relevant to bioterrorism. All pro-
cess steps are carried out in a closed
system: from digestion of the patho-
gens to extraction of the pathogen ge-
nome (RNA or DNA), amplification of
specific genome segments, detection
of the amplified DNA using fluorescent
dyes all the way to analysis. The result
of a sample analysis is available in just
over an hour.

The system is based on a microfluidic
process in which all reagents for me-
chanical digestion, DNA/RNA extracti-
on, reverse transcription and PCR ana-
lysis are contained in lyophilised formin
reaction compartments enclosed in a
foil (blister). The reagents are brought
into solution by vacuum distribution of

buffer. The sample is channelled
through the compartments under inst-
rument control, and the RNA/DNA is ex-
tracted and amplified for a first time
using a variety of pathogen-specific
PCR primers.

The detection of the pathogens takes
place on an array chip where a second
pathogen-specific PCR reaction is run
on individual fields of the array, based
on the first PCR product (nested PCR).
In this step, a fluorescent dye is integ-
rated into the resulting PCR fragment.
The PCR fragment is checked again
using a SYBR Green-based melting
curve analysis. Several genome secti-
ons are amplified for each pathogen to

{ FilmArray
Device

M



PCRresults )

ensure specificity. The high sensitivity is
achieved by the nested PCR approach.
In addition to the pathogen-specific pri-
mer systems, positive and negative
controls for the individual process steps
are included in the FilmArray system.

High sensitivity and
operational fithess

The performance of the system was
tested using relevant bacterial and viral
pathogens and compared with our ac-
credited PCR systems. The bacteria
tested were B. anthracis (anthrax), Y.
pestis (plague), F. tularensis subsp. tula-
rensis (tularaemia) and F. tularensis
subsp. holarctia (tularaemia).

The sensitivity of virus detection was in-
vestigated using infectious vaccinia vi-
ruses, i.e. arelatively harmless surroga-
te for smallpox viruses (variola), in vari-
ous sample materials. The data were
evaluated using inactivated Ebola and
Marburg viruses as well as genetic ma-
terial from various other highly patho-

FilmArray
BioThreat Panel
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genic viruses. The sensitivity of the
FilmArray Biothreat Panel matches that
of the in-house PCR systems. In some
cases, the FilmArray system is even su-
perior to accredited in-house PCR sys-
tems when it comes to matrix interfe-
rence.

The BioFire FilmArray system is particu-
larly well suited to analysing samples in
time-critical situations thanks to its bro-
ad pathogen spectrum, short analysis
time and sample processing in a closed
system. With the introduction of the
new system, Spiez Laboratory has sig-
nificantly enhanced its biodefence ca-
pabilities and can now provide its part-
ners with even better and, above all,
faster support in the event of an inci-
dent deployment.

BID%FIR’E

Y BIOMERIEYX

www.BioFireDefense.com

Run Summary

Lot No.: 240221

Sample ID: marv ebov cl26 samplel Run Date: 29 Aug 2024
216 PM
Detected: Ebola Zaire Controls: Passed
Marburg virus
Result Summary
Bacteria
Not Delected Bauillus anthracis
Not Detected Brucella melitensis
Not Detected Burkholderia mallevpseudornalle
Not Detected Coxiella burnetii
Mol Detected Francisella tularensis
Not Detected Ricketisia prowazekii
Not Detected Yersinia pestis
Viruses
+ Detected Ehola Zaire
< Delecled Marburg virus
Mol Detected Orthopox genus virus
Not Detected Variola virus
Not Detected EEE virus
Not Detected VEE wvirus
Not Detected WEE virus
Toxins
Not Detected Clastridium botulinum
Not Detected Rlicinus conmmeums
Run Detalls
Pouch: Biolhreat Panel vi.5 Protocol: BT FBS v3.0
Run Status: Completed Operator:
Serial No.:  dUZ918469 Instrument: 2FAUS805
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BioFire Biothreat cartridge

Schematic diagram
of the cartridge

Insert with freeze-dried reagents
Piston - releases the reagents to the blisters

’r N Sample preparation with homogenisation

Q |

Washing

Blister for collecting the magnetic beads

(AZE

Elution

Mulitplex-Blister for the outer PCR
Dilution blister

PCR-Array for specific Detection

JzlonImlofolw]>)

Insert Pouch into Inject Hydration e Add Sample Buffer to
Loading Station Solution into Pouch Sample Vial

Add Raw Sample to e Inject Sample into e Insert Pouch into
Sample Vial Pouch FilmArray and Start Run



A benefit for both:
the collaboration
between SHA and
Spiez Laboratory

Both the Swiss Humanitarian Aid Unit (SHA) and Spiez Laboratory can look
back on a long history in their respective areas of expertise. For decades,
Spiez Laboratory has supported the SHA in dealing with radiological, chemi-
cal or biological challenges in a humanitarian context, particularly in the
areas of consulting, training, equipment testing and sample analyses.

Adam Kimak



After the 1982 Lebanon War, the popu-
lation in the region suffered from a lack
of access to drinking water and food,
and inadequate medical care. Public
health was severely jeopardised and an
epidemic was looming. Against this
backdrop, the International Committee
of the Red Cross (ICRC) and the then
Swiss Disaster Relief Corps - now the
Swiss Humanitarian Aid Unit (SHA) wit-
hin the Swiss Agency for Development
and Cooperation (SDC) - launched a
joint relief mission: a large-scale disin-
fection campaign and a water quality
assessment programme were imple-
mented in the greater Beirut area. The
participation of an employee of Spiez
Laboratory in this mission in 1983 mar-
ked the beginning of the collaboration
between Spiez Laboratory and the SHA,
which has been enhanced and expan-
ded continuously ever since.

A major SHA mission with the participa-
tion of Spiez Laboratory took place in
1992 in northern Ukraine: Even years af-
ter the Chernobyl reactor disaster, the

population in the affected regions re-
mained very unsettled. In this situation,
a team of SHA members and radioacti-
vity specialists from Spiez Laboratory
were on site for an extended period of
time with a mobile measuring vehicle.
This allowed the local population to
have their individual radioactive dose
measured by an independent authority.

Since 2019: Collaboration
under the Backstopping-
Mandate

In the following years, the cooperation
was further expanded through training
courses and additional field missions.
The focus was increasingly on the
challenges in the areas of water
availability and quality, hygiene and
sanitation in emergency situations. A
backstopping mandate was concluded
between the Federal Office for Civil
Protection (FOCP) and the SDC in 2019
to put the cooperation on a secure and
permanent footing.

Sample taking at a
sewage treatment plant in
the Kutupalong refugee
camp. DPHE staff
disinfect the sampling
container.

Residents collect water
from a destroyed water
pipe in Beirut, 1983.




Test of a mobile water
distribution system in Spiez,
1984.

v

The activities of the SHA's Water and
Environmental Sanitation expert group
(WASH) include finding and collecting

groundwater, constructing or renova-
ting water treatment installations, sto-
ring and distributing water, treating
wastewater and checking water quality.
When deployed in a disaster area, they
carry out analyses and take the neces-
sary measures. This includes, amongst
others, the training of local personnel
and cooperation with the local authori-
ties and other partner organisations in-
volved.

Advice and training for
capacity building

How can water quality be improved
quickly and efficiently? Which simple
laboratory tests are suitable for field
use? How can the efficiency of a field
laboratory be improved with limited
resources? When solving such
problems, it is important to consider
both the requirements for field use and
the laboratory perspective. Spiez
Laboratory provides the SHA WASH
withthe necessary laboratory capacities
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and scientific expertise. With its broad
expertise in NBC protection, Spiez
Laboratory is predestined for inter-
disciplinary cooperation; the various
departments complement and support
each other.

These advisory services provided by
Spiez Laboratory cover a wide range of
topics; this includes fundamental ques-
tions such as: What is the best availa-
ble technology for measuring the anion
content in water? Or very specific ques-
tions to improve a concrete problem on
site, such as whether water pollution by
heavy metals is due to natural or anthro-
pogenic sources.

In 2017, the SHA began setting up the
Faecal Sludge Field Laboratory (FSFL).
This enables primary water quality pa-
rameters such as pH value, chemical
oxygen demand and electrical conduc-
tivity to be analysed. The aim is to pro-
vide data for the maintenance and mo-
nitoring of water treatment plants with
simple means and as little effort as pos-
sible, thereby helping to improve the re-
gional sanitation. In collaboration with
Spiez Laboratory, the SHA has continu-
ously enhanced the FSFL; it currently
provides more than ten chemical and
biological parameters. Due to the in-
creasing complexity, theoretical inst-
ructions and practical training are also
essential building blocks for successful
deployment. Spiez Laboratory therefo-
re organises a training course for new
users every two years in Spiez.

New water laboratory for
the largest refugee camp
of the world

In spring 2022, experts from Spiez
Laboratory played a key role in an SHA
aid project in the Kutupalong refugee
camp near the city of Cox's Bazar in
Bangladesh. Set up informally in 1991,
the camp has grown considerably since
2017 due to the influx of Rohingya
refugees from Myanmar. The number of



refugees in the camp is currently
estimated at 700,000 to 900,000, which
corresponds to a population density of
53,000/km2. This makes Kutupalong
the largest refugee camp in the world.

The SHA project in Kutupalong, imple-
mented together with the local water
authorities (Department of Public
Health Engineering DPHE), aimed to
establish a water laboratory with the
analytical and organisational capacity
to collect and analyse samples from
faecal sludge treatment plants in the re-
fugee camp. Experts from the SHA and
Spiez Laboratory also organised a one-
week workshop for local professionals.
It deepened their theoretical knowled-
ge and practical skills for chemical and
biological analysis methods. It also hel-
ped establish the necessary standards
in sampling, quality management and
biosafety. The laboratory has been fully
and independently functioning since
summer 2024, bringing the SHA project
to a successful conclusion.

Demanding logistics tasks

In the field of humanitarian aid, the
logistical challenges are generally
demanding: diplomatic requirements
and local political and socio-cultural
circumstances must be taken into
account. Extreme time pressure and
special climatic conditions often cause
additional difficulties.

The SHA's deployment kits also contain
chemicals, which need to be transpor-
ted and stored under refrigeration. For
this purpose, the necessary cooling
units must be organised and carried
along; a protected location with power
supply must then be organised on site
and maintenance ensured. In order to
minimise this effort as far as possible,
Spiez Laboratory has analysed the
functionality of test kits depending on
the storage conditions - with the result
that certain test kits function reliably
over a certain period of time even wit-

hout refrigeration. Based on such fin-
dings, the logistical demand for SHA
deployments can be significantly redu-
ced, thereby considerably increasing
efficiency.

How do you run a laboratory where the-
re are several power cuts aday? How do
you train people without experience for
a specific taskin a limited time? How do
you take care of equipment when di-
spatch is blocked for weeks or months?
How do you communicate with the lo-
cal population in a crisis situation? The
members of the SHA are confronted
daily with crisis situations and the resul-
ting challenges. These are completely
different from the scientific, technical,
organisational and socio-cultural tasks
of normal day-to-day work at Spiez La-
boratory. The staff of Spiez Laboratory
involved in a crisis response benefit
from this experience, also with regard
to possible deployments for incident
management in Switzerland.

Both sides thus benefit from the colla-
boration between the SHA and Spiez
Laboratory: The partnership promotes
continuous learning, innovation and a
deeper understanding of complex chal-
lenges both in the laboratory and in the
field.
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Ultrafiltration system: Water is
mechanically pressed
through a close-meshed filter
(white cylinders), which
separates dirt and bacteria.
Downstream chlorination kills
viruses and bacteria. This
makes the water drinkable.




A, In the event of a terrorist biological attack in Switzerland, the DDPS Emergency Response Team
(EEVBS) of Spiez Laboratory supports the emergency response organisations at the scene.

Strengthening the
UN Secretary-General
Mechanism through

international exercises

For years, Spiez Laboratory has been supporting the further enhancement
of animportant UN instrument for investigating suspected uses of biological
weapons. By organising exercises, Switzerland is making a significant contri-
bution to strengthening the global security architecture. At the same time,
the exercises allow Spiez Laboratory and other federal agencies to expand
and optimise their own processes for cooperation with partners. Established
processes are central to the investigation of a bioterrorist attack.

Maximilian Brackmann
Cédric Invernizzi

In 1987, shortly before the end of the
Iran-Iraq war, the United Nations Secre-
tary-General's Mechanism for Investi-
gation of Alleged Use of Chemical and
Biological Weapons (UNSGM) was es-

tablished. This mechanism gives the
UN Secretary-General authority to initi-
ate an investigation at the request of a
member state to determine violations
of the 1925 Geneva Protocol or other re-



levant rules of customary international
law. As the UNSGM is not a permanent
body, UN Member States nominate ex-
perts and analytical laboratories that
can be called upon to support aninves-
tigation if necessary.

The UNSGM was last activated in 2013
to investigate allegations of the use of
chemical weapons in Syria. The ‘Sell-
strom Mission’ confirmed the use of
chemical weapons beyond doubt. The
results of the analytical laboratories
played a key role in this. This investiga-
tion mission was able to rely on the la-
boratory network of the Organisation for
the Prohibition of Chemical Weapons
(OPCW). The designated OPCW labora-
tories - including Spiez Laboratory - are
accredited and subject to strict OPCW
quality controls.

International coordination
exercise

To date, there is no international
organisation that could carry out an
investigation mission to implement the
ban on biological weapons. In this area,
itis therefore the direct responsibility of
the UN Member States to actively
support the implementation and further
development of the UN Secretary-
General's Mechanism. In particular, the
UNSGM should be in a position also to
carry out fact-finding missions in the
biological field; for this purpose, it must
be possible to examine suspected
samples in recognised analytical
laboratories so that the results are fully
accepted by political as well as scientific
audiences.

Under the leadership of the USA and
Switzerland, an exercise was held in
Geneva in June 2024 with participants
from all regions of the world. The
scenario chosen was a bioterrorist
attack with a bacterial pathogen in a
shopping centre. The main purpose of
the Table Top Exercise (TTX) was to
review and practise cooperation
between the organisational units
involved. The focus was on coordinating
the UNSGM processes with national
health and safety guidelines. Conflicting
objectives exist, for example, between
the need to inform the public as quickly,
transparently and completely as
possible about a disease outbreak, and
the requirement not to disclose any

information needed for criminal
prosecution. In order to protect the
integrity and independence of an
international investigation, a UNSGM
mission team must not disclose any
information to the public during the
mission. However, once the mission has
been completed, the full investigation
report will be made public and will then
be available to UN Member States and
thus also to their law enforcement
authorities. With these requirements,
the participants in the exercise
discussed what information can be
exchanged, when, and under what
conditions.

The exercise provided important
insights for the further operationalisa-
tion of the UNSGM. Equally important,
however, is the added value for
Switzerland achieved through the
exercise: the exercise made it clear that
the measures for actual incident
management and the interests of law
enforcement must be carefully and in
detail weighed up and coordinated. In
this sense, the exercise also made an
important contribution to strengthening
the interfaces of the population
protection system in Switzerland.

Outlook

Spiez Laboratory will continue to work
towards strengthening the UNSGM.
The focus here is on two aspects in par-
ticular: firstly, the further development
of the formal and legal framework, and
secondly, the optimisation of the inter-
faces between investigation missions
and analytical laboratories.

In addition to exercises, Spiez Labora-
tory has been organising for around 10
years an annual UNSGM Designated
Laboratories Workshops. The main aim
is to build a network of trusted and re-
cognised laboratories. The workshops
in Spiez connect and strengthen a mul-
tidisciplinary community of dedicated
laboratories spread across the globe.
Particularly in view of the current very
tense international security situation,
Switzerland is thus making an import-
ant professional contribution to interna-
tional arms control and disarmament -
in line with the vision of Spiez Laborato-
ry: ‘A world without weapons of mass
destruction’.
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Sample preparation
for the 55" Official
OPCW Proficiency Test

As one of 30 Designated Laboratories worldwide, Spiez Laboratory regularly
supports the Organisation for the Prohibition of Chemical Weapons (OPCW)
in the off-site analysis of suspect samples. Thanks to its expertise and ex-
cellent analytical instrumentation, Spiez Laboratory has passed the analyti-
cal proficiency tests organised by the OPCW for more than 25 years with very
good results. The OPCW relies on the support of Designated Laboratories for
the preparation of test samples for proficiency tests. In spring 2024, Spiez
Laboratory prepared the samples for the 55™ Official OPCW Proficiency Test.
It was awarded the highest rating by the OPCW for this work.

Peter Siegenthaler

The OPCW is responsible for ensuring
compliance with the Chemical Wea-
pons Convention (CWC). To this end,
the OPCW has at its disposal worldwi-
de networks of Designated Laborato-
ries for the analysis of environmental as
well as for clinical samples. Since 1996,
the OPCW has organised two annual
proficiency tests to review the perfor-
mance of existing and designate new
trusted laboratories for environmental
sample analysis. As part of these profi-
ciency tests, participants must analyse
a set of samples for the presence of
chemical warfare agents and submit
their results to the OPCW within two
weeks.

In order to obtain and maintain OPCW
designation, a laboratory must fulfil two
main requirements: Firstly, it must pro-
vide evidence of internationally recog-
nised accreditation under ISO/IEC

17025 for the analysis of chemicals re-
levant to chemical warfare agents. Se-
condly, it must either successfully par-
ticipate once ayearin one of the two an-
nual proficiency tests, or alternatively
support the OPCW in carrying out pro-
ficiency tests or analysing authentic
samples from OPCW missions.

Spiez Laboratory has fulfilled these re-
quirements since 1996 and was one of
the first eight institutes to be designa-
ted in1998. In 2023, it had reason to ce-
lebrate the 25™ anniversary of its OPCW
designation. Of the 30 Designated La-
boratories for environmental samples
(as at the end of 2024), Spiez Laborato-
ry is one of only three institutes that
have been able to maintain designation
without interruption for a period of more
than 20 years.



Prescribed process and
strict quality requirements

To carry out proficiency tests, the OPCW
relies on the support of trusted Desig-
nated Laboratories for the preparation
of samples and the evaluation of the
participants' analysis reports. Spiez La-
boratory has regularly supported the
OPCW in carrying out proficiency tests
since 1996. Thus, after 1996, 1998, 2009
and 2016, it agreed again in February
2023 to prepare the samples for a pro-
ficiency test for the fifth time.

The tasks of the sample preparation la-
boratory and the strict quality require-
ments for the test samples are descri-
bed in a work instruction for the prepa-
ration of samples for OPCW Proficien-
cy Tests. This is intended to ensure that
all participants receive samples with an
identical composition and thus have
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the same starting conditions for the
analysis. Both the guarantee and the
verification of the requirements regar-
ding the homogeneity of the samples
as well as the purity and stability of the
chemicals lead to considerable efforts
for the sample preparation laboratory.
The development of a test scenario and
extensive preliminary experimental stu-
dies took place between June 2023 and
March 2024.

According to the fictitious scenario of
the 55™ Official OPCW Proficiency Test,
a State Party has submitted a request
to the OPCW in accordance with Artic-
le IX of the CWC for a challenge inspec-
tion of a facility suspected of conduc-
ting chemical weapons research. The
OPCW Director-General sent a team of
inspectors to the suspected facility.
There, the inspectors seized two liquid
samples from waste containers. The

A

The team of the Analytical
Chemistry Branch of
Spiez Laboratory and the
two representatives of the
OPCW laboratory (2"/3™
from the left) before the
dispatch of the sample
sets for the 55" Official
OPCW Proficiency Test.



Decomposition scheme }
of the nerve agent VX (in
red box) and the
degradation products of
VX formed. The
abbreviations of the
chemicals used in the
samples are labelled in

red.

MPA

EMPA DIPAET

BOIPAEZS

samples were then divided into aliquots
at the OPCW laboratory and sent to the
Designated Laboratories for analysis.

On 16 and 17 April 2024, the Analytical
Chemistry Branch at Spiez Laboratory
prepared the samples for the proficien-
cy test under the supervision of two re-
presentatives from the OPCW laborato-
ry. As usual, two sample sets were pre-
pared, each consisting of three sam-
ples that could not be distinguished ex-
ternally. This largely corresponds to
OPCW practice in an investigation case,
where in addition to the authentic veri-
fication sample (‘Sample’), an additional

Tasks and procedures for sample preparation for the
55" Official OPCW Proficiency Test

February

Confirmation to the OPCW for
sample preparation for the
55" Official OPCW Proficiency
Test

2023 @ @

March

Development of
test scenario

June/July

Purity control of potential
test chemicals for spiking
(“Purity Checks”)

@ @ 2024 @

January/February
Definition of the final sample
composition

Stability studies of test che-
micals in spiked samples
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positive control sample (‘Control’)and a
negative control sample (‘Blank’) are
sent to the Designated Laboratories for
analysis. According to the scenario, the
two sample sets were ‘solvent waste’
and ‘decontamination waste’. The sam-
ple matrices consisted of water and va-
rious organic solvents.

A challenging test -
positive feedback

A total of 30 sample kits of six liquid
samples of 5 ml each were prepared.
For this purpose, water and various or-
ganic solvents were spiked with minute
quantities of chemical warfare agents
and related chemicals. The two ‘sam-
ples’ and the two ‘controls’ were spiked
with a number of CWC-relevant chemi-
cals unknown to the participants, whe-
reas the two ‘blanks’ by definition did
not contain any relevant chemicals.

The spiked chemicals were the nerve
agent VX and a selection of its degra-
dation products, which are formed du-
ring the decomposition of VX. To make
the analysis more challenging, the sam-
ples were additionally spiked with sub-
stances intended to simulate impurities
in the samples; diesel oil, a mixture of

February/March

Clarification of cus-
toms formalities re-
garding packaging
and transport of
samples

July 2023 - February 2024

Stability studies of potential
test chemicals in neat sol-
vents and in the sample matri-
ces with and without impuri-
ties

February

Discussion of the results of the prelimi-
nary studies and approval of the final
sample composition as well as the test
scenario by the OPCW

Signature of the agreements on confi-
dentiality and sample preparation
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aliphatic amines, polyethylene glycol
and common salt were used for this
purpose. In contrast to previous profici-
ency tests, the matrix composition of
the two ‘samples’ differed from that of
the ‘controls’ and the ‘blanks’. On the
one hand, this is closer to reality, and on
the other hand, it made the work of the
laboratories conducting the analyses
even more challenging.

The sample sets were packaged on 18
April 2024 in accordance with the appli-
cable transport regulations and sent to
the twelve participants in the test, the
OPCW and the evaluation laboratory on
19 April. Further sample sets randomly
selected in advance by the OPCW re-

the evaluation laboratory but also from
the participants, on the test scenario
and the samples, was consistently po-

The positive control
samples of the ‘solvent
waste’ samples filled in

presentatives were regularly analysed
qualitatively and quantitatively at Spiez
Laboratory over the following weeks.
This allowed checking the homogenei-
ty of the samples and the concentrati-
on of the spiked chemicals.

sitive. In general, the test was judged to
have been challenging, but scenario-
based, realistic and fair. The OPCW ex-
pressed its thanks for the extensive
preparatory work and the meticulous
planning and sample preparation in ac-

6 ml glass vials and

coded with ‘552’

cordance with the ‘Swiss Quality Stan-
dard’, which, according to the OPCW,
contributed significantly to the smooth
implementation of the test. The Spiez
Laboratory was rewarded by the OPCW
with the maximum A rating for its sup-
port in carrying out the 55™ Official
OPCW Proficiency Test.

On16 July 2024, the evaluation meeting
for the 55™ Official OPCW Proficiency
Test took place at OPCW headquarters
in The Hague, where the results were
made public: With four A ratings and
two B ratings, half of the twelve regular
participants successfully passed the
test. The feedback from the OPCW and

March/April

" Preparation of several sam-
ple sets with the final com-
position for qualitative ana-

April/May May

" Stability and homoge-
neity tests with three
sample sets assigned

3 June

Analytical clarifications in
connection with the categori-
sation of additional chemi-

Submission of the reports
on the preparation of the
test samples and on the

lysis and the quantitative by the OPCW during 34 cals, which were reported by «Purity Checks» of the
stability and homogeneity days (“Post-Dispatch participants in addition to the chemicals to the OPCW
tests (“Pre-Dispatch Analy- Analysis”)

spiked chemicals
sis”) .

® ® ® ®

16 July

Presentation of the work on the preparation of
the samples and the purity tests of the test
chemicals at the Evaluation Meeting for the
55'™" Official OPCW Proficiency Test at the
OPCW headquarter in The Hague (Nether-
lands)

15-19 April
Discussion of the results of the “Pre-Dispatch Analysis” and
“Purity Checks” with representatives of the OPCW Laboratory

Preparation, initial analysis and aliquoting of the proficiency
testing samples (30 kits of 6 samples each)

Shipment of sample packages to the participants, the OPCW
Laboratory and the evaluation laboratory by courier




Spiez Laboratory
at the scene

According to the Federal Act on Civil Protection and Civil Defence (CPDA),
the Confederation is obliged to support the cantons with specialised emer-
gency organisations in the NBC sector. Spiez Laboratory contributes signifi-
cantly to the fulfilment of this legal mandate with its DDPS Emergency Res-
ponse Teams (EEVBS). The deployments of the EEVBS have increased signi-
ficantly in recent years: on the one hand to ensure NBC protection at inter-
national conferences in Switzerland, and on the other hand to secure and
correctly analyse ‘unknown samples’.

Beat Aebi
Kurt Miinger



The DDPS Emergency
Response Teams
(EEVBS) ...

In 1995, 13 people were killed in the
Tokyo subway in a terrorist attack with
the chemical agent sarin; several
hundred people were severely injured.
At the time, Switzerland would not have
been equipped to deal with such an
event. Neither the federal government
nor the cantons had emergency
services that could bring the necessary
expertise and resources to the incident
scene. This realisation led to the
creation of a DDPS emergency
response team (EEVBS) at Spiez
Laboratory to deal with a chemical
terrorist incident. Today, there are three
specialised EEVBS for A, B and C
incidents. The three EEVBS each
comprise around 20 employees of
Spiez Laboratory, who are available on
a voluntary on-call basis for operations
and consultations. They have at their

disposal specific equipment for
incidents involving radioactivity,
hazardous biological agents and toxic
chemicals. If necessary, the task forces
support cantonal emergency services
and other federal emergency services.
The operational area covers the whole
of Switzerland and the Principality of
Liechtenstein.

.. Sample Receipt Facility
(SRF)

The Sample Receipt Facility (SRF) at
Spiez Laboratory is intended for the
examination of suspicious NBC
material. The SRF, too, was a response
to specific terrorist incidents: It was set
up after a whole series of attacks
involving the biological agent anthrax
were carried out in the USA in 2001. The
events summarised under the coinage
‘Amerithrax’ also changed the way
suspicious letters and parcels are
handled in Switzerland. Initially, Spiez

A

Radioactivity
measurement with the
mobile measuring
equipment of the RN-
EEVBS on an access road
to the Summit on Peace in
Ukraine on the
Biirgenstock.



Exercise of the B-EEVBS and
EOD Command at Spiez NBC
Centre.

Laboratory and the NBC defence forces
each set up their own system - with
rather improvised structures. Since
2016, there has been a fully-fledged
SRF building, which is used for the
operational tasks of Spiez Laboratory.

The SRF fulfils two different purposes:
Firstly, it is used to safely and correctly
analyse ‘unknown samples’. This refers
to samples that need to be analysed for
an NBC hazard, whereby the type of
potential hazard is not known at the
outset. In addition, in the case of
suspicious letters and parcels
containing powders and liquids it is
often unclear at the outset whether
mechanical devices for the distribution
of NBC substances or even explosives
as unconventional detonation or
incendiary devices are present. In such
a case, the EOD command of the NBC
EOD Centre of Excellence can provide
direct on-site support with specialist
knowledge and material. Secondly, the
SRFis used by Spiez Laboratory and the
NBC defence forces to deal with major
NBC incidents. At the SRF, a large
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number of samples with a known hazard
can be correctly received, managed
and prepared for measurement in a
specialised laboratory. Overall, the SRF
therefore serves to fulfil the tasks and
needs of both the civilian and military
partners of the Spiez NBC Centre.

To ensure that the EEVBS and SRF ope-
rations run smoothly, regular training
and operational exercises are carried
out with external partners. Since 2009,
the C-EEVBS alone has completed
around 35 external deployment exerci-
ses with its partners in Switzerland and
Germany.

EEVBS-deployment to
provide protection for the
Biirgenstock Conference

In 2024, the EEVBS was deployed seve-
ral times, in particular to protect major
international events in Switzerland. In
such deployments, the EEVBS teams
advise the local emergency services on
protection against radioactivity, biologi-



cal hazards and chemical warfare
agents. For the high-level conference
on peace in Ukraine on 15 and 16 June
2024 on the Bilirgenstock in the canton
of Nidwalden, a comprehensive NBC
protection plan was implemented with
the significant involvement of the
EEVBS. The biggest task was inthe area
of Amonitoring: even before the confe-
rence, the A-EEVBS carried out com-
prehensive radioactivity measurements
onthe access roads using mobile mea-
suring equipment. Stationary measu-
ring probes were set up in the vicinity of
the conference site. Access to the con-
ference rooms was also monitored. In
addition, in order to identify possible
hazards from B or C substances, spe-
cialists from the B and C EEVBS were
on site to advise the participating emer-
gency organisations as experts and to
intervene immediately in the event of a
suspected case.

Spiez Laboratory also carried out
similar missions to protect major
international events in January 2024
during the visit of Ukrainian President
Zelensky to Bern and subsequently at
the WEF in Davos.

Change in the NBC threat
worldwide and in
Switzerland

The global security situation and the
associated NBC threat landscape are
constantly changing. Sarin, Novichok or
other highly toxic substances,
radioactive materials or even dangerous
biological pathogens can be used for
criminal, terrorist or military actions also
in the future. Anonymous shipments of
suspicious powders and liquids must
be taken seriously - even though they
have so far mainly been disruptive
hoaxes.

Since the Russian attack on Ukraine,
additional aspects and NBC hazards
have emerged. The number of cases in
which Spiez Laboratory has been called
to clarify a suspected NBC case has

increased since then, and the number
of SRF missions to analyse ‘unknown
samples’ has risen steadily in recent
years. Against this backdrop, Spiez
Laboratory must continue to develop its
expertise and capacities for dealing
with missions over the next few years,
in coordination with its partners.
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State visit in 2024:
Emergency vehicles

of Spiez Laboratory
and other blue light
organisations together
on standby in the event
of an NBC incident.

v

A bottle with suspicious
contents is analysed on
site by the C-EEVBS and
classified as harmless.



Numerical simulation of
the pressure effect in the
event of total failure of a
high-pressure natural gas
pipeline in an urban area

An unintentional, sudden release of methane from a high-pressure natural
gas pipeline (HPNGP) leads to a high-pressure free jet with an accompanying
gas cloud formation. The pressure effect of the free jet or a possible explosion
due to a subsequent ignition can be significant and have corresponding ef-
fects on exposed buildings and people. Spiez Laboratory uses numerical flow
simulations to help determine the magnitude of pressure loads in the event
of such an incident and to define suitable protective measures.

Lorenz Brenner

In Switzerland, natural gas is transpor-
ted from neighbouring countries to lo-
cal gas suppliers via the HPNGP net-
work of regional companies at pressu-
res of up to 70 bar. Actions of third par-
ties, ground movements, or corrosion

and more specifically material faults
can cause the release of gas from the
HPNGP network. In the event of a total
failure of the HPNGP, a high-pressure
free jet is created, which generates a



flammable cloud that can ignite in-
stantly or with a time delay.

In Switzerland, the protection of the po-
pulation and the environment from se-
rious damage caused by major acci-
dents is regulated in the Major Acci-
dents Ordinance (MAQO). Since 2013, the
Ordinance also covers high-pressure
natural gas and oil pipelines, with
around 2,307 km of pipelines affected
(as of 2021). In order to minimise the
risks to people and the environment,
the owners or operators of the pipelines
are obliged to investigate the risks and
take appropriate protective measures
if necessary. As a further increase is to
be expected in the future in the densi-
ty and hence size of the population in
areas where HPNGPs already exist, the
potential extent of damage in the event
of incidents increases, and thus does
the risk.

Definition of a
scenario and
numerical
simulations "%
With the involvement of
various experts, the Fede-

ral Office for the Environ-
ment (FOEN) is currently wor-

king on a special project to pro- %

duce an Environment-Knowledge-
Publication that identifies suitable pro-
perty protection measures for planned
buildings in areas affected by HPNGP.
With regard to incidents, experiments
under real conditions cannot be reali-
sed at all or only with enormous effort.
Therefore, the pressure effect caused
by a total failure of an HPNGP was ana-
lysed using Computational Fluid Dyna-
mics (CFD) simulations.

The project group has defined the fol-
lowing scenario: A full-bore rupture of a
12inch /54 bar HPNGP, in whichan 8 m
long section of pipeline is destroyed
and the two ends of the pipeline

(straight break) protrude from the
ground at different angles of inclination.
An industrial area of a city, where a cor-
responding pipeline has been laid, ser-
ves as the urban environment.

For the numerical calculations, Spiez
Laboratory used the APOLLO Blast Si-
mulator software, which was specially
developed for the simulation of explo-
sions, pressure waves and gas dyna-
mics. Various gases and corresponding
reaction models are implemented in
the programme, including for methane-
air mixtures. In a first step, similar pro-
blems such as the calculation of the
free jet from scientific publications
were simulated; the results were analy-
sed and compared in depth. These pre-
paratory analyses were necessary as no
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experimental analyses were carried out
in the project, and this was the only way
to check the plausibility of the simulati-
ons.

In the second step, the defined outflow
scenario from two pipeline ends was si-
mulated and the resulting methane dis-
tribution was integrated into the urban
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Fig. 1: Exemplary 3D
model of the investigated
scenario with the
methane gas cloud after
1s outflow time (blue
scale) and the
investigated ignition
points (red dots).
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environment to calculate the gas cloud
explosion. Building and topography
data from the Federal Office of Topo-
graphy (swisstopo) served as the basis.
Since there is no ‘standard incident’
and in order to be able to make as ge-
neral a statement as possible regarding
the pressure effect, a parameter study
was carried out with a total of 40 simu-
lations with variations of various boun-
dary conditions such as the ignition lo-
cation (see Fig. 1).

Results and conclusions

Fig. 2 shows an example of a contour
plot of the mean peak overpressures
across all simulations carried out. It can
be seen that the greatest pressure ef-
fect is to be expected in the immediate
vicinity of the methane outlet (see
Fig. 2, coordinate 0 / O m). Here, the
pressure effect can be significant even

Peak overpressure (average over all simulations) in bar
012 014 016 018 0.2
b —

] 0.02
—

0.04 0.06 008 0.1

|

Distance inm
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without ignition, due to the outflow of
the gas. Due to pressure wave reflecti-
ons, there are increased pressures of
around 0.14 to 0.16 bar at the buildings
close to the HPNGP failure site and at
the building to the south of it (see Fig. 2,
coordinate 20 / -80 m). An additional
area with increased peak overpressu-
res occurs in the open field between the
buildings (see Fig. 2, coordinate 0 /
-60 m). Assuming rigid buildings, the
pressure effect is significantly reduced
for the buildings at a greater distance
due to shadowing effects.

According to the damage models used,
the calculated pressure effect would
destroy standard glazing, among other
things. This would create openings in
the building envelope through which
the heat radiation from the combustion
of the gas cloud could reach the inter-
ior of the building unhindered. Reinfor-
ced window systems can be used to re-
duce this risk. This is a key finding for
significantly reducing the risk in buil-
dings in the vicinity of such systems. It
is therefore explicitly addressed in the
Environment-Knowledge-Publication.

For obvious reasons, experimental in-
vestigations of explosion effects in ur-
ban areas are almostimpossible to rea-
lise. Against this background, the nu-
merical analyses of the project were
able to provide great scientific added
value: The phenomena of the blast wave
propagation could be visualised and in-
vestigated in detail. Based on this, sui-
table property protection measures can
be defined.

Fig. 2: Exemplary pressure contour plot of
the mean values of all peak overpressures
across all simulations of the parameter
study in the urban area analysed (top
view). The centre of the model (coordinate
0/ 0 m) corresponds to the location of the
total failure of the HPNGP.




A Work in the biological safety laboratory BSL 3

Serological research
with third-generation
smallpox vaccines

Following the global outbreak of Mpox in 2022, various smallpox vaccines
were authorised for pre- and post-exposure prophylaxis against the mon-
keypox virus, which causes the disease Mpox. At Spiez Laboratory, serum
samples from laboratory workers who had been immunised with a first or third
generation smallpox vaccine were tested for cross-protective neutralising

antibodies against the monkeypox virus.

Damian Jandrasits
Roland Ziist

The monkeypox virus (MPXV) was first
detected in 1958 in monkeys at a Danish
research centre. The first human infec-
tion was documented in 1970. MPXV be-
longs to the orthopoxvirus genus, like

the variola virus, the causative agent of
smallpox, and is endemic in Central and
West Africa. There are two main strains
of the virus: Clade | (Central Africa) and
Clade Il (West Africa). Clade Il infections
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containment

are generally milder, with lethality rates
of around 1%, while Clade | infections
can be fatal in up to 10% of cases.

Individual cases of Mpox were previ-
ously mostly attributed to the import of
animals or the return of travellers from
endemic regions, and affected only a
few people. However, the outbreak in
2022 was unusual: For the first time,
people with no history of travelling to
MPXV endemic areas also tested posi-
tive for the virus. This indicates increa-
sed human-to-human transmission, in-
cluding through sexual contact.?Alsoin
Switzerland, numerous people tested
positive for Mpox, with the first case
confirmed by molecular biology at Spiez
Laboratory.

First-generation smallpox vaccines
proved to be very effective and made a
decisive contribution to the global er-
adication of smallpox in 1980. However,
these vaccines had severe, sometimes
life-threatening side effects, especially

Inside the BSL-3 containment
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in immuno-deficient individuals. The
second- and third-generation vaccines
should be safer in this respect. All
smallpox vaccines are based on the
vaccinia virus (VACV), another member
of the orthopoxvirus genus. The first-
generation vaccines used active vacci-
niavirus that canreplicate in the human
body. Third-generation vaccines, on the
other hand, are based on modified vac-
cinia Ankara (MVA), an attenuated and
replication-deficient VACV strain.® Be-
cause viruses of the orthopox genus
are very similar to each other, smallpox
vaccines can also be authorised for
pre- and post-exposure prophylaxis
against Mpox.

Serum neutralisation tests
for the determination of
neutralising antibodies

Antibodies are produced by the so-cal-
led B cells of the immune system. Neu-
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Fig. 1: MPXV Neutralisation test



tralising antibodies can bind to viral sur-
face proteins and thus block the virus
entry into the host cells. A serum neut-
ralisation test is used to detect these
neutralising antibodies in the serum. A
defined quantity of virus particles is
mixed with various dilutions of sera
from test persons. The maximum se-
rum dilution at which 50% of the virus
particles are still neutralised is determi-
ned. The test serves as an indicator of
successful immunisation through the
vaccination.

Because MPXV is classified as a risk
group 3 pathogen, all work with infecti-
ous MPXV must be carried out in a bio-
logical safety laboratory level 3 (BSL-3).
The test sera are diluted from 1.5 to
1:1280 outside the biosafety laboratory.
Inside the BSL-3 laboratory, the defined
amount of virus is mixed with the serum
samples and incubated for 1 h at 37°C.
During this time, the antibodies in the
serum can be analysed. During this
time, the antibodies in the serum can
neutralise the virus. The virus-serum
mixture is then transferred to cells and
incubated at 37°C for 2 (VACV) or 5
(MPXV) days and then stained. Incom-
plete neutralisation results in plaques -
visual gaps in the cell layer that are
counted to determine the neutralising
antibody titres (see Fig. 1).

First-generation
vaccinations produce
higher MPXV-neutralising
antibody titres

The results of the serum neutralisation
tests showed that first-generation vac-
cines induced higher titres of neutrali-
sing antibodies against MPXV than
third-generation vaccines. The antibo-
dy titre against VACV was higher in both
vaccine groups than against MPXYV,
which was to be expected due to the re-
spective vaccine formulation (see Fig.
2).

In addition, serum samples from sub-
jects who were initially immunised with
a first-generation vaccine and later re-
ceived a booster dose of a third-gene-
ration vaccine were analysed. In com-
parison with people who did not recei-
ve an additional dose, the booster vac-

cination did not result in a significantin-
crease in neutralising antibody titres.*

Despite the lower antibody titres, the
third-generation vaccines showed an
effect on the MPXYV isolate responsible
for the outbreak, which indicates at
least partial protection against the di-
sease. In order to maintain this protec-
tion in the long term, regular booster
vaccinations are required. In addition,
the third-generation vaccines offer the
possibility of protecting immunodefi-
cient individuals without the risk of
complications due to their better tole-
rability.
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Fig. 2: VACV and MPXV neutralising anti-
body titres in the serum of laboratory wor-
kers immunised with a first or third gene-
ration smallpox vaccine.
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4. Jandrasits, D., et al., Third-gene-
ration smallpox vaccines induce
low-level cross-protecting neu-
tralizing antibodies against Mon-
keypox virus in laboratory wor-
kers. Heliyon, 2024.10(10): p.
e31490.



The scientific
collaboration in CBRN
defence on the
example of France and
Switzerland

When it comes to the field of defence, and particularly defence technologies,
it may at first seem counter-intuitive to imagine nations collaborating closely.
Itis important to acknowledge the significant advancements in scientific and
technological knowledge, which have led to a growing complexity that often
exceeds the capacities of individual organisations to process, develop and
integrate. Fundamental research is dependent on collaboration, nationally
and internationally, and the same is true for industry, which is essential for
achieving a finished and integrated product. Similarly, it is advised that the
applied research of government research institutes and the laboratory testing
services offered in support of armament programmes should collaborate.

César Metzger

The Spiez Laboratory has successful
collaborations with several comparable
institutes in various partner nations. For
many years, France and Switzerland
have been collaborating in the field of
applied CBRN research. With the DGA
(French Procurement agency) for CBRN
control, the Spiez Laboratory has esta-
blished a partner in the fields of protec-
tive materials, synthetic and analytical
chemistry, and microbiology. Through
the exchange of ideas, interpretations,
and conclusions, we have the opportu-
nity to test our own working hypotheses,

gain external perspectives, and occa-
sionally offer a different point of view on
developments in our scientific field. Be-
yond the exchange of ideas and infor-
mation, the sharing of methods or even
materials (chemical products, microbi-
al strains or reference materials) ena-
bles our laboratories to work more effi-
ciently and often achieve cost savings
by avoiding the need to perform certain
tasks independently, such as the syn-
thesis of complex chemical products,
which can be both time-consuming and
costly.



Considerations at
government level

In the domain of biological sciences,
where subject matter cannot be synthe-
sised, the sharing of microbial strains
between laboratories is imperative.
Furthermore, to ensure that our work
and methods meet the highest quality
standards, it is important to compare
and measure them through inter-labo-
ratory tests. For instance, as part of a
European collaboration under the aegis
of the European Defence Agency (EDA),
Switzerland and France - as well as ot-
her nations - are working to standard-
ise certain areas of quality measure-
ment in CBRN protective equipment.

The collaboration between the DGA for
CBRN control and the Spiez Laborato-
ry has attracted the attention at a poli-
tical level. This can be attributed in part
to the significant achievements and the
discussions that have been conducted
over the years.

Thus, in 2018, the French Minister of De-
fence Florence Parly and her Swiss
counterpart, Federal Councillor Guy
Parmelin, met to discuss security poli-
cy issues and evaluate bilateral coope-
ration in the military and security do-
mains.

Following on from this, Florence Parly
and Federal Councillor Viola Amherd
highlighted the significance of the
CBRN domain. They stated their inten-
tion to strengthen the collaboration bet-
ween our two nations in this complex
field.

Since then, the efforts have been con-
tinued and intensified. Consequently,
there have regularly been visits from
French and Swiss scientists to their
counterparts in the partner laborato-
ries. These exchanges involve a range
of formal interactions, including the
sharing of information and methods. A
variety of materials and chemicals have
been exchanged and further exchan-
ges are planned. Video-conference se-

minars have been held, when the sub-
jects discussed allowed it. The direc-
tors of the institutes also regularly con-
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vene to assess the progress and status
of the collaborative efforts. Beyond di-
rect exchanges, the two institutes also
meet through their participation in vari-
ous international endeavours, projects,
conferences and committees.

In addition to its collaboration with the
DGA CBRN Control, the Spiez Labora-
tory maintains partnerships with nume-
rous other institutes in Europe and
worldwide.

A

The French Minister of

Defence Florence Parly
and Federal Councillor

Viola Amherd during an
official visit in 2021.



Characterisation of fissile
material in the service of
disarmament verification

In aworld where major powers act increasingly unilateral, disarmament initiatives
are currently not politically realistic. Despite the difficult global situation, it is im-
portant to find and develop practical solutions for the technical and procedural
challenges of effective verification of nuclear disarmament - and thus demons-
trate their feasibility. Future arms control agreements should not only reduce the
number of operational nuclear weapons. The dismantling of nuclear warheads and
the disposal of weapons-grade fissile material, too, must be credibly controlled.

Christoph Wirz
Rolf Althaus

The International Partnership for Nucle-
ar Disarmament Verification (IPNDV) is
an ongoing initiative involving more
than 25 nuclear and non-nuclear wea-
pons states. Together, the partners
identify and analyse challenges in con-
nection with the verification of nuclear
disarmament. Between 11 and 29 Sep-
tember 2023, a measurement cam-
paign called BeCamp2 took place at the
Belgian nuclear research centre SCK
CEN, in which ten measurement teams
from all over the world took part. In
2024, the measurements were evalua-
ted in detail by the participating re-
search teams and the findings were
shared and further analysed at various
IPNDV conferences and events. A final
report is in preparation.

As part of BeCamp2, various objects
unknown to the measurement teams
were measured, which contained the
fissile materials uranium, plutonium or
other radioactive sources. The objects
were partially shielded with lead, cad-
mium or polyethylene. Each of them

had a base area of half a square metre
and a height of two metres; each was
placed under a green fabric shroud
(Fig. 1). As the fabric cover was not to be
removed, only non-destructive measu-
rement methods could be used. The
different detectors were placed around
the green cuboid.

The measurement results were used to
answer the following three typical ques-
tions:

o Isfissile material present that is sui-
table for building a nuclear weapon?

e Can the measurement of an object
be assigned to a known pattern?

e Isitpossible to confirm the absence
of nuclear material by the measure-
ment?

The second question is relevant becau-
se the disarmament process is inten-
ded to verify whether the item under in-
vestigation is actually a nuclear weapon
of an agreed type.



Spiez Laboratory took part in the cam-
paign with two portable ultra-pure ger-
manium detectors, which were set up
so that each detector covered a diffe-
rent energy range for the detection of
gamma radia-tion. These different set-
tings are necessary for optimum evalu-
ation of the spectra using special eva-
lu-ation programmes. Uranium-based
nuclear weapons contain very highly
enriched uranium, i.e. with a very high
proportion of uranium-235. Fig. 2 shows
a typical uranium spectrum.

In addition to two commercial program-
mes (FRAM and MGAU), Prof. Kalthoff's
code, for which the source code is ac-
cessible, was also used for the analysis.
With this code it is possible to determi-
ne the ratio of the isotopes uranium-238
to uranium-235 from the signature in a
narrow energy range of the spectrum
(marked in Fig. 2, see Fig. 3).

The measurements carried out by Spiez
Laboratory at BeCamp2 have shown
that the characterisation of fissile ma-
terial based on uranium can be particu-
larly challenging. The energy range with
the charac-teristic signature can be re-
latively easily masked by suitable shiel-
ding. Therefore, higher energy rang-es
must be used for the assessment. A
very good resolution of the ultra-pure
germanium detector and a well-develo-
ped line spectrum are therefore essen-
tial for reliable conclusions.

The data obtained in BeCamp2 help to
improve the evaluation programs and
optimise the measure-ment process.
The comparison of different measure-
ment methods and analysis strategies
leads to improved and more efficient
verification processes. The long-term
goal is a reliable evaluation of the mea-
sured spectra without the need for an
expert present, and without making the
measured spectra visible. The measu-
rement should only answer the questi-
on posed, but not provide any further in-
for-mation. In this sense, Spiez Labora-
tory can make a contribution to nuclear
disarmament without having weapons-
grade fissile material at its disposal.
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Fig. 1: Measuring object covered with a green shroud. Measuring devices are
placed around it. In the foreground there are detectors for measuring neutrons,
in the background the detectors of Spiez Laboratory for measuring gamma
radiation.
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Fig. 2: Uranium spectrum: Special evaluation programmes are required to deter-
mine the ratio between the two isotopes uranium-235 and uranium-238.
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Fig. 3: The measured signature is approximated by three curves. These three
curves consist of a total of 14 individual peaks, grouped according to their ori-
gin. Uranium-238 and daughter products (red curve), uranium-235 and daughter
products (blue curve), X-ray fluorescence (violet curve).



A Horizontal shock-testing system

Refurbishment of the
horizontal shock
testing system

Switzerland pursues a shelter programme that is unique in the world: every
person living in Switzerland must have a place in a shelter when necessary. To
ensure the required quality of the shelters, the Federal Office for Civil Protection
(FOCP) issues approvals for civil defence components. The central basis for this
is practical testing carried out by Spiez Laboratory. To this end, it operates
unique test rigs such as the horizontal shock testing facility (HOSPA). These
should always be state of the art and therefore must be regularly modernised

and further developed.

Christian Blaser

In the sixties and seventies of the last
century, Switzerland established the
shelter programme that is still in force
today. A central component of this pro-
gramme is the shelter concept, which

stipulates that every person living in
Switzerland is entitled to a place in a
shelter. In concrete terms, the imple-
mentation of this concept means that
Switzerland currently has around



370,000 shelters and around 9 million
shelter places for the civilian populati-
on. (For more information, see the
FOCP website.) Spiez Laboratory was
and is an important player and source
of expertise in the implementation and
maintenance of the shelter programme.

Testing of shelter
components

In order for a shelter to provide the in-
tended protection against armed con-
flicts or disasters, the components in-
stalled must fulfil certain requirements,
particularly with regard to shock resis-
tance, resistance to pressure surges
and ventilation technology. The FOCP
approval centre issues the relevant cer-
tifications for shelter components to
manufacturers and suppliers. The cen-
tral prerequisite for approval is the avai-
lability of qualification tests by accredi-
ted testing laboratories. Spiez Labora-

Classic shelter model

tory currently operates three accredited
test laboratories in its CBRNe Protecti-
on Systems Department for this purpo-
se. As the Swiss protection system pro-
gramme is unique in the world, specific
test methods and test facilities had to
be created. Due to their dimensions,
functionalities and performance data,
the test facilities of the test centre for
NBC protection material as well as
equipment and installations of protec-
tive structures (STS 0055) stand out.
These are all customised products.

In order to carry out the required shock
tests on large test specimens such as
emergency power generators or air
conditioning units, correspondingly
large test rigs are required, with the STS
0055 test centre operating three shock
test rigs. The test centre also operates
two shock tubes, a ventilation test
bench and numerous other small test
benches to test the air shock and ven-
tilation properties of the components.

Cutaway view through a classic shelter model. The potentially contaminated air
is drawn in by a ventilation unit and cleaned by a gas filter before it enters the
shelter and leaves it again via a pressure relief valve. Most of the components
shown must be tested for shock resistance.
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A delegation from the Mi-
litary Commission of the
National Council inspects
a shock test at HOSPA on
11 August 1983. At that
time, HOSPA was still
being operated in the
open without a cover.

v

Strategic refurbishment
as part of the programme
to preserve the value of
protective structures

Civil defence, and therefore also the
testing and approval of components,
has increasingly become the focus of
interest in recent years due to the ag-
gravated security policy situation. Most
of the existing protective structures are
several decades old; many compo-
nents have reached the end of their ser-
vice life and need to be replaced. This
is the only way to maintain the value and
usefulness of the facilities and thus
sustain the intended protection. The
basis for keeping up this value is to be
created with a revision of the Civil De-
fence Ordinance; the consultation pro-
cess is currently underway.

Already a few years ago, Spiez Labora-
tory began refurbishing and further de-
veloping the testing facilities at the STS
0055 test centre in order to ensure it
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can continue operating the testing faci-
lities using state-of-the-art technology.
This is essential in order to meet the up-
coming qualitative and quantitative
challenges of implementing the pro-
gramme to maintain the value of the
protective structures.

One of the last systems concerned is
the horizontal shock test system HO-
SPA. It was designed in 1980 as an
open-air test rig. In this test facility, two
enormous masses collide in a founda-
tion of solid reinforced concrete that
has an inclination of around 4.2°. The
impact mass - which weighs 40 tonnes
- is hoisted onto a rail system, released
and then, due to the inclination, rolls in
the direction of the stationary test
mass. Shortly before the impact, the
brakes of the test mass - on which the
test specimen is also located - are re-
leased and a controlled impact occurs.
The test specimen is subjected to a dy-
namic, very brief but controlled accele-
ration, the so-called shock.

Over the years, a hall was added to the
HOSPA and the measurement techno-
logy was modernised. In the meantime,
however, the then new technologies
have also become outdated, which is
why the system is undergoing a com-
plete refurbishment. The two masses
are now brought into position by a car-
riage system using helical gearing via a
gear rack. In addition, the system cont-
rol, the hydraulics and the measuring
and evaluation infrastructure will be
modernised. These measures will not
only bring the system up to date from a
technical point of view, but also in terms
of occupational safety. An enclosure
with stairs and platform completes the
measures to guarantee a modern safe-
ty standard.

The renovation work is currently being
finalised. The refurbishment will enable
Spiez Laboratory to ensure that STS
0055 can meet the ever-increasing de-
mands of the future and also deals with
new problems.



A President Pavel writes in the guest book of Spiez Laboratory: ‘What a pleasure to visit such a unique
institution, which is very close to my former professional background!

State visit to Spiez
Laboratory

The President of the Czech Republic Petr Pavel and his wife Eva Pavlova were
received in Switzerland for a state visit on 5 and 6 November 2024. On the first
day, the President of the Swiss Federation Viola Amherd and the high-ranking
delegation of visitors visited Spiez Laboratory and were informed about the
tasks and activities of the Swiss Federal Institute for NBC Protection.

Nick Wagner

On a tour of the laboratory, Dr Marc
Cadisch, Director Spiez Laboratory,
briefed the guests about the core ser-
vices provided by Spiez Laboratory and
gave them an insight into selected la-
boratories. The programme included a
tour of mobile radioactivity measuring
equipment and the chemical and biolo-
gical safety laboratories.

At the end of his visit to Spiez, President
Pavel emphasised his gratitude and re-
coghnition of the laboratory's work in the
guest book with the words: “You are do-
ing a great job here, and | sincerely
hope that we will expand our coopera-
tion for the benefit of both nations and
our partners.



Marc Cadisch welcomes the
visitors at Spiez Laboratory.

President Viola Amherd and
President Petr Pavel inspect the
new A-EEVBS mobile measuring
device for radioactivity.

Marc Stauffer, Head of the
Nuclear Chemistry Department,
in conversation with President
Pavel.
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Isabel Hunger-Glaser, Head of
the Biology Department,
guides the interested visitors
through the corridor of the
biological safety laboratory.

President Petr Pavel, Eva
Pavola and President Viola
Ambherd turn their attention to
Stefan Mogl, Head of the
Chemistry Department.

Colonel GS Nicolas Roduit,

ﬁl LANCOIR SPL o i . Commander NBC EOD Centre of
- i Excellence

YV | — | — B

Urs Bucher, Swiss Ambassador to
the Czech Republic

Jolanda Brunner, Mayor of Spiez

Petr Pavel, President of the Czech
Republic

Viola Amherd, President of the
Swiss Confederation and Head of
the DDPS

Eva Pavlova, Wife of President
Petr Pavel

Tomas Jan Podivinsky, Czech
Ambassador to Switzerland
Michaela Scharer, Director of the
FOCP

Marc Cadisch, Director Spiez
Laboratory




10 Years Spiez
CONVERGENCE

In September 2024, Spiez CONVERGENCE celebrated its tenth anniversa-
ry with its sixth edition. The conference series was launched in 2014 on the
recommendation of the Scientific Advisory Board of the Organisation for
the Prohibition of Chemical Weapons (OPCW), given the importance of
convergence in chemistry and biology. This created a platform to reflect
upon scientific and technological developments from the perspectives of
the Chemical and Biological Weapons Conventions.

Sophie Reiners
Stefan Mogl



The conference is organised every two
years by Spiez Laboratory in collabora-
tion with the Center for Security Studies
(CSS) at ETH Zurich. In 2024, 76 invited
experts from 13 countries and 4 interna-
tional organisations took part. In view of
the changing security policy situation, it
is becoming increasingly important to
assess the dual-use potential of the ra-
pidly advancing developments in sci-
ence and technology. The conference
assesses the potential for misuse, as
well as analyses how new develop-
ments can contribute to protection
against chemical and biological wea-
pons. Due to its uniqueness, Spiez
CONVERGENCE is becoming increa-
singly important.

The importance of a
continuous consideration
of scientific developments

Over the course of its ten-year history,
Spiez CONVERGENCE has covered a

wide range of new scientific findings
and technologies. The choice of topics
is always based on an intensive literatu-
re research in new scientific publicati-
ons and a subsequent careful selection
by the organising committee. Both new
developments and topics that have al-
ready been covered in the past are of
interest. The following three examples
are intended to illustrate the importan-
ce of continuous horizon scanning in
order to recognise possible effects on
arms control at an early stage.

One topic that has been pursued con-
tinuously since the beginning of the
conference series is editing technolo-
gies, especially in the biological field.
Although genome editing has been
possible for some time, the publication
of the CRISPR/Cas9 molecular scissors
in 2012 received a lot of attention due to
its simplicity. Genome editing technolo-
gies were added to a US list of security
threat in 2016, which led to additional at-
tention in arms control. Research pro-

Participants of the 6" Spiez
CONVERGENCE, 2024.

Spiez
CONVERGENCE
Report on the sixth
conference, 29, 30
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Spiez Laboratory - Annual Report 2024
10 Years Spiez CONVERGENCE

At a side event of the
OPCW Executive Council
Meeting in March 2025,
Sophie Reiners from CSS
at ETH Zurich and Max
Brackmann from Spiez
Laboratory presented the
Spiez CONVERGENCE
conference series. The
event was chaired by the
Swiss Ambassador to the
Netherlands, Corinne
Cicéron Biihler.
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gressed from a basic understanding of
the technology to concrete applications
in various fields of medicine and natu-
ral sciences. At the end of 2023,
CRISPR/Cas9 technology was first ap-
proved as a genome editing technolo-
gy for the treatment of the hereditary di-
seases sickle cell anaemia and beta
thalassaemia.

The convergence of biological and che-
mical sciences with computer scien-
ces, too, was addressed as early as
2014. The focus here was on the design

and engineering of biological systems
using computer modelling and pro-
gramming languages. In the years that
followed, the integration of digitalisati-
on, automation and artificial intelligen-
ce (Al)in chemistry and biology has be-
come increasingly important. These
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technologies open up new possibilities,
for example for exploring the chemical
and biological space or for expanding
the variety of materials that can be syn-
thesised, tested and optimised. Cloud
labs, biofoundries and self-driving labo-
ratories have increasingly emerged in
recent years. By integrating Al and ro-
botics, they make it possible to carry out
experiments automatically and remotely.

DNA origami, the self-folding of DNA
into 3D nanostructures, has been anot-
her recurring theme at Spiez CONVER-
GENCE. It was first discussed in 2016 as
emerging basic research, initially fo-
cussing on user-defined simple DNA
constructs. At that time, it was unclear
to what extent the technology could re-
ally be relevant for Spiez CONVERGEN-
CE. In 2018, DNA origami moved further
into the focus of arms control as appli-
cations for the targeted delivery of the-
rapeutic and toxic molecules emerged.
Over the years, the field of application
has further expanded. The latest de-
velopments make it possible, for exam-
ple, to encode genes in DNA origami.

Topics of Spiez
CONVERGENCE 2024

The sixth edition of the conference fo-
cussed on the following topics:

Precision editing of moleculesin
chemistry and biology

Reprogramming the genetic code ma-
kes it possible to insert non-natural
amino acids into proteins and thus sig-
nificantly expand the range of possible
proteins. Nature uses 20 natural amino
acids to synthesise proteins. By chan-
ging the system of how cells read gene-
tic information, proteins with desired
properties that do not occur in nature
can be produced.

Skeletal editing makes it possible to
make changes not only to the outer
parts of small molecules or polymers,
but also to the nucleus or ‘skeleton’ of a
molecule. Properties can be refined by



adding or removing atoms from the
skeleton.

Epigenetic editing was also discussed.
The epigenome consists of chemical
changes to DNA and the proteins that
bind to it, which regulate gene expres-
sion. Epigenetic editing is a technique
that makes it possible to change gene
expression without modifying the DNA.
It therefore offers potential for the treat-
ment of certain diseases.

RNA editing is another editing techni-
que. Enzymes can be used to modify
specific nucleosides in double-stran-
ded RNA, which can affect cellular re-
gulatory mechanisms.

Digitalization, automation and
artificial intelligence

Al and machine learning (ML) accelera-
te increasingly the discovery of new
chemicals. These tools suggest which
chemicals can be produced and how
they can be synthesised. Large Lan-
guage Models (LLMs) are used in drug
discovery and in the prediction of reac-
tions and properties. One example is
ChemCrow, an LLM chemistry agent
that is able to plan and control the exe-
cution of syntheses.

Self-driving laboratories (SDLs) combi-
ne Al tools and robotics to carry out ex-
periments and bioengineering tasks
autonomously. This shortens the time it
takes to discover potential candidates
in drug research, chemical synthesis,
materials science or bioengineering.
SDLs are also able to optimise proteins
autonomously.

Vaccines development is another field
of Al application; it is used to fight di-
seases with pandemic potential. Vari-
ous Al tools aim to significantly reduce
the time it takes to identify a suitable
vaccine candidate.

Chemicals Manufacturing

Biocatalysis for the production of com-
plex organic molecules is a recurring
theme at Spiez CONVERGENCE. What

is new is that, in addition to biocatalysts
isolated from nature, researchers can
design and develop enzymes with desi-
red properties more quickly, using vari-
ous bioinformatic tools and new capa-
bilities in protein engineering.

Click chemistry was another topic: a
chemical synthesis method in which
molecular building blocks are assem-
bled efficiently and quickly. In addition
to applications in chemistry, such as po-
lymer synthesis or drug discovery, click
chemistry is also used in living systems,
for example for the controlled timing of
active substances through in vivo click
release.

Electrosynthesis is becoming increa-
singly important as a sustainable alter-
native to traditional chemical synthesis.
It enables the synthesis of chemicals
through electron transfer.

Therapeutic applications and
release of active ingredients

Advances in the field of drug delivery
aim to personalise treatments and de-
liver drugs precisely to target organs.
This includes the engineering of bacte-
ria for the targeted delivery of active
substances to tumours. Using a system
similar to a nanosyringe, the bacteria
can inject various proteins into the tu-
mours, which then cause for example
cell death.

3D printing is another development of
interest; it can produce medicines with
personalised doses and designs for in-
dividual patients.

DNA origami is a recurring theme (see
above). New developments include the
formation of DNA origami shells that
encapsulate viruses or the possibility of
encoding genes in DNA origami.

Threat-agnostic biodefence

Threat-agnostic biodefence is a con-
cept that enables the detection of un-
known threats without prior knowledge.
In the case of an unknown or emerging
pathogen, it offers a robust approach
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Increasing overlap between }
biology and chemistry

that does not rely on specific lists and
sequence data for identification, but on
common mechanisms or characteris-
tics of pathogens. Instead of identifying
the pathogen, it asks whether and how
dangerous it is.

Significance for arms
control

In summary, the following statements
can be made after the sixth edition of
Spiez CONVERGENCE from an arms
control perspective:

e Aland machine learning enable ef-
ficient and targeted exploration of
vast molecular spaces; however,
confirmation through a laboratory
experiment is still necessary.

e Laboratory experiments are increa-
singly being carried out automati-
cally.

e Threat-agnostic methods are being
developed that focus more on
functionality and less on list-based
approaches to identify pathogens
and toxins.

e Advancesinscience and technolo-
gy bring enormous societal bene-
fits and help to improve protections
against chemical and biological
weapons. Furthermore, these ad-

Bicological Weapons

Biological and Toxin Weapons Convention (BTWC)
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vances offer potential for misuse,
but would need to be tested and
further developed for such applica-
tions; the necessary resources are
usually only available to state ac-
tors.

Even though there is a lot of talk about
the latest developments in science and
technology, Spiez CONVERGENCE is
not a pure science conference. The par-
ticipants endeavour to place new scien-
tific developments in the context of the
Biological and Chemical Weapons Con-
ventions.

These two corner-stone arms control
treaties are based on global norms and
values and aim to ensure the abolition
of biological and chemical weapons
also in the future. The Spiez CONVER-
GENCE conference series aims to pro-
vide a basis for ‘informed’ policy decisi-
onsthattake into account the latest de-
velopments in science and technology.
It thus makes a contribution to Swiss
science diplomacy.

Chemical Weapons
Chemical Weapons Convention (CWC)

*

Pathogens Toxins
Examples: Examples:
Smallpox Botulinum
Ebola Necurotoxin
Anthrax Saxitoxin
Plague Ricin
Infectious Toxic
Production: Production:
biological hiological/
chemical

B .- e

Bioregulators Toxic Chemicals

Examples: Examples:
Endorphin Sarin
Neurokinin VX
Cndothelin HD
Bradykinin Chlorine
Toxic Toxic
Production: Production:
biological/ Chemical

chemical
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Accredited
laboratories

Spiez Laboratory operates six testing laboratories accredited by the
Swiss Accreditation Service (SAS) in accordance with the EN ISO/IEC
17025 standard.

Nuclear Chemistry Division

‘%’ STS 0028 Testing laboratory for the determination of radionuclides
= and elemental analysis

Biology Division

STS 0054 Testing laboratory for the detection of biological agents

Chemistry Division

presence of chemical warfare agents and related

§ % STS 0019 Testing laboratory for the analysis of samples for the
compounds

CBRNe Protection Systems

E\’z:g STS 0022 Testing laboratory for adsorbents and breathing apparatus
filters

STS 0036 Testing laboratory for Plastics and Rubber, and for the
Protection Performance of Polymers, Rubber and Textiles
against Chemical Warfare Agents

STS 0055 Testing laboratory for NBC protection material, shelter
equipment and shelter installations
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