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Federal Councillor 
Viola Amherd, head 
of the DDPS, visits 
Spiez Laboratory

In 2021, the second year of the pande-
mic, Spiez Laboratory was less intensi-
vely involved in the area of diagnostics, 
where we only offered services in spe-
cial cases. Instead, our contributions 
focused on applied research, especial-
ly in the evaluation of antiviral substan-
ces against SARS-CoV -2 in cell culture 
systems. A special milestone for the 
Biology Division was the designation of 
Spiez Laboratory as a repository for pa-
thogens with epidemic or pandemic 
potential in the BioHub system of the 
World Health Organization (WHO). This 
is a newly established international net-
work for the voluntary exchange of 
emerging pathogens. We work on be-
half of the Federal Office of Public 
Health (“The WHO BioHub in Spiez: 
structure and processes”, page 6).

With this new role in the area of biology, 
we now operate as a partner laboratory 
for the relevant international organisa-
tions in all of our core task areas: In the 
area of nuclear chemistry we are a Col-
laborating Centre of the International 
Atomic Energy Agency (IAEA) since 
2016, and in the area of chemistry we 
have been a Designated Laboratory of 
the Organisation for the Prohibition of 
Chemical Weapons (OPCW) since 1998. 
This broad international presence un-

Dear 
Readers,

15 June 2022

Dr. Marc Cadisch 
Director, Spiez Laboratory
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derscores the demand for our experti-
se. At the same time, it strengthens our 
capabilities for domestic operations 
and services, because effective NBC 
protection works across borders too 
(“Services provided by Spiez Laborato-
ry for the benefit of the Cantons”, page 
30).

As a result of the war in Ukraine, the im-
portance of NBC expertise in the field 
of security policy is increasing, not least 
in assessing the potential effects of the 
conflict on Switzerland. However, NBC 
events are also possible independent-
ly of this conflict, as the most recent na-
tional risk analysis by the Federal Office 
for Civil Protection (FOCP) has shown. 
Spiez Laboratory was a key contributor 
during the preparation of this risk ana-
lysis. All the more important are the pro-
posals for optimisation developed by 
Spiez Laboratory together with various 
partners as part of the Swiss project 
“ABC-Auslegeordnung Schweiz”. This 
will enable significant gaps in NBC pro-
tection to be closed over the coming 
years.

I personally thank all of our employees 
who remain committed to our tasks with 
great enthusiasm and a high level of ex-
pertise - especially during the pande-
mic. Spiez Laboratory has been opera-
tional at all times, even under difficult 
working conditions. I would also like to 
thank all our partners at home and ab-
road who are committed to effective 
NBC protection and continue to sup-
port us in these challenging times.

As a result of the 
war in Ukraine, the 
importance of NBC-

expertise in the field 
of security policy is 

increasing

The biosafety lab in Spiez
enables the handling of
human pathogens of the
risk groups 3 and 4.



The WHO BioHub: 
structure and processes
In 2021, the WHO launched the development of a laboratory network with a 
global character, the WHO BioHub system. This system aims at making it 
easier for Member States to exchange biological material with epidemic or 
pandemic potential. Switzerland plays a key role in this system: on behalf of 
the Federal Office of Public Health (FOPH), Spiez Laboratory is the first labo-
ratory in the world to take on the function of repository for SARS-CoV-2 
viruses or other pathogens.

01
Olivier Engler
Isabel Hunger-Glaser
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Thanks to standardised conditions and 
processes that have been established 
with the WHO BioHub system, the inter-
national exchange of biological materi-
al with epidemic or pandemic potential 
can take place immediately after detec-
tion, early and expeditiously. This ena-
bles the material to be characterised 
quickly and it provides valuable infor-
mation for risk assessment. An additio-
nal objective is to strengthen internati-
onal cooperation in the area of prepa-
redness and response.

The WHO BioHub system will also ad-
vance knowledge in the field of highly 
pathogenic organisms and promote 
scientific work in this field. A new era of 
international cooperation is opening up, 
helping to develop a global approach to 
the exchange of biological material. The 
system is intended to enable rapid im-

plementation of protective measures 
and promote the development of dia-
gnostic tools, therapies and vaccines, 
to be made available to all countries.

The WHO BioHub system will be set up 
in stages. During the pilot phase, the 
first BioHub in Spiez will receive, store, 
multiply, sequence and share different 
SARS-CoV-2 variants. In a second pha-
se, the WHO BioHub system will be ex-
tended to other laboratories. Finally, in 
the third phase, the system will be ex-
panded to other dangerous pathogens 
as well as to commercial uses. In addi-
tion, the BioHub will be linked up to ot-
her, already established repositories 
and laboratory networks.

Member States can voluntarily provide material to the WHO to be sent to a WHO BioHub 
laboratory. There, it will be multiplied and analysed and can be passed on to qualified 
institutions. The transfers of biological material will be organised by the WHO and 
contractually regulated via Standard Material Transfer Agreements (SMTA).

Structure of the WHO BioHub System

WHO BioHub System Countries

GLOBAL

RECIPIENT

Qualified 
institutions

Knowledge transfer and development of countermeasures

Voluntary 
delivery of 
biological 
material 

Non- 
commercial 

uses

Commercial 
uses

WHO BioHub
Lab(s)

Shipment
via SMTA1*

Exchange

* Standard Material Transfer Agreement
** Biological substances with epidemic or pandemic potential

Allocation

Receipt
via SMTA 2

Receipt
via SMTA 3

BSEPP* 
allocation 

by 
Advisory 

Body 
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The Process

Days 1 1 1 2 - 82 - 3 1 - 5

If the request by a Member State to 
include biological material in the 
BioHub has been assessed as 
relevant by the WHO, Spiez 
Laboratory will be informed. In a 
joint meeting between the WHO, 
the donor state (usually a state 
institute) and Spiez Laboratory, the 
types and numbers of samples and 
the time of delivery will be 
determined.

Contact by the WHO1

The transport of the biological 
material is carried out in 
accordance with the international 
regulations for the transfer of 
dangerous goods. The shipment 
will be implemented by a 
specialised transport company.

Transport3

In the Biosafety laboratory, the 
samples are unpacked inside a 
microbiological safety workbench. 
Parts of the samples are being 
multiplied using a variety of cell 
culture systems.

Sample 
processing5

Standard contracts are being 
concluded between the donor 
state, the WHO and Spiez 
Laboratory. These contracts 
regulate the use of the biological 
material. At the same time, the 
transport is being organised and 
the relevant transport documents 
are being prepared.

Signature of the transfer 
agreement2

A trained employee accepts the 
package and records the receipt of 
the sample. The data logger is 
checked to verify the temperature 
against the required shipment 
temperature range. The package 
will be stored temporarily in the 
biosafety laboratory at -80°C. The 
sample data are entered into the 
electronic workflow, where all 
work steps are continuously being 
documented.

Sample 
receipt4

The cultures are being checked 
daily under the microscope for 
virus-related cell changes. The 
growth of the virus is examined 
using quantitative RT-PCR. The 
growth depends on the type of 
virus and the cell culture system 
used.

Growth control6
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1 14 - 8 2 - 3 1 - 5

The genetic material is being 
isolated from the same sample 
tube and analysed using Whole 
Genome Sequencing. The original 
material is being checked for 
changes (mutations).

Virus sequence 
testing9

The BioHub uploads the genome 
sequence of the viruses so 
determined to one of the public 
genome databases. The metadata 
on the sample material, such as 
virus titre, culture conditions, as 
well as the genome sequence and 
critical mutations are being 
transmitted to the WHO. The WHO 
imports the data into its internal 
database and makes them publicly 
available.

Transfer of the data to 
the WHO10

Interested institutes of Member 
States can apply for the biological 
material at the WHO. The WHO 
ascertains whether the institute is 
qualified to receive the infectious 
material. This check and the 
signing of the Material Transfer 
Agreements will take several days.

Application by 
interested institutes11

The selected samples will be 
packaged at the BioHub Facility 
according to the international 
regulations for the transfer of 
dangerous goods. The shipment 
will be organised together with 
WHO experts.

Sample 
dispatch12

When sufficient virus growth has 
occurred, the culture supernatant is 
centrifuged to remove cell debris. 
The supernatant is then aliquoted 
into 45 test tubes and will be 
stored at -80°C. 40 of the sample 
tubes are intended for further 
shipment while 5 tubes will be 
stored separately for subsequent 
cultivation passages.

Aliquoting the sample 
material7

The number of infectious particles 
and the genome sequence of the 
cultured viruses are being 
determined as key parameters for 
quality assurance. In addition, the 
samples are being examined for 
bacterial contamination. To 
determine the number of 
infectious viruses, a dilution series 
is prepared from thawed sample 
material and set up on cell cultures.

Quality controls8

G GC CT A A
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Nuclear Forensics 
Switzerland: 
Implementation of 
analytics 
Due to the Swiss commitments under the «Global Initiative to Combat Nuclear 
Terrorism», Spiez Laboratory is obliged to take on tasks in the field of nuclear 
forensics. This includes sampling, laboratory analytical methods and evalua-
tion procedures as well as classic forensic techniques. The analytical imple-
mentation of nuclear forensics at Spiez is part of the National Action Plan 
«Nuclear Forensics», which sets out the interaction between the Swiss au-
thorities.

Marc Stauffer 

02
The competent national authorities 
have joined forces in the International 
Technical Working Group (ITWG) to pre-
vent and investigate illegal trade and 
the handling of radioactive and nuclear 
material. In this forum, scientists, law 
enforcement agencies and regulators 
develop “best practices” in nuclear fo-
rensics. In order to regularly practice 
the analytical aspects of nuclear foren-
sics, the ITWG organises so-called 
«Collaborative Material Exercises» 
(CMXs) every two years. In contrast to 
round robin tests, the focus here is not 
on the individual performance of the la-
boratories, but on the further enhance-
ment of the worldwide laboratory capa-
city as a whole. The CMXs pursue the 
following goals:

•	 Promote best practice for sample 
handling, (sub-)sample collection 
and analysis of radioactive samples.

•	 Identify and prioritise optimal analy-
tical methods to characterise and 
categorise confiscated nuclear or 
radiological material.

•	 Further develop the analytical tech-
niques for quantifying test variables.

•	 Use of real samples instead of cer-
tified reference material; heteroge-
neity is deliberately intended to re-
present an analytical problem.

•	 Practice the common law enforce-
ment timelines (24 hours, 1 week, 2 
months).

•	 Recognise and introduce emerging 
analysis methods.
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In 2021, the seventh such exercise - 
CMX-7 - took place. In addition to the 
well-known radioanalytical and inorga-
nic analysis techniques, CMX-7 focused 
on non-destructive analysis and radio-
chronometric methods (age determina-
tion).

Like all CMX, CMX-7, too, was conduc-
ted as a role-play («Project Hebenon») 
based on a predefined scenario. Befo-
rehand, the required nuclear material 
was sent from the USA to the participa-
ting countries and the packages were 
opened at a set time. The exercise star-
ted at the point in time when the pa-

ckage was opened. At Spiez Laborato-
ry, this required the deployment of all 
measurement groups from the accredi-
ted STS 0028 testing laboratory and the 
inclusion of all specialists for handling 
nuclear material/radiation protection 
and for the evaluation. The following fi-
gure shows the task areas to be worked 
on when carrying out such an experi-
ment, in their chronological order.
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The scenario for CMX-7 

“The investigating authority has appro-
ached you with an investigation request 
for nuclear forensics. You have received 
four radioactive samples for examinati-
on.

While investigating a drug-related of-
fense in a university dormitory, the poli-
ce discovered that radioactive substan-
ces were present in an apartment. Two 
suspicious substances were confisca-
ted at the apartment (ES-1 and ES-2). 
The authority charged with the investi-
gation has identified three ‘persons of 
interest’ who have something to do with 
the apartment.

•	 Niels, the tenant of the flat
•	 Lise, the flat owner

•	 Otto, the flat owner

Subsequent to these findings, the agen-
cy found another radioactive substance 
in the chemistry lab at the university 
where Niels works. This substance (ES-
3) was found outside the controlled area 
for radiation protection. You also recei-
ved a reference substance (ES-4) from 
a university institute that works with ac-
celerators and is the only one on cam-
pus that holds a permit for the handling 
of radioactive substances. Lise and Otto 
work at the institute with accelerators 
and would have had access to ES-4. 
Gamma spectra of the task force for R/N 
cases are enclosed for all samples. Fin-
gerprints were taken from the three 
‘persons of interest’.”

Shipping / 
Safeguards

Sample digestion/
processing 

Radiation
protection 

Dose rate / 
contamination 

Forensics

Physical
parameters 

Analytics

Point of Contact
ITWG

CMX Management

Optical
microscopy / 

REM-EDX

Reporting

Gamma
spectrometry / FRAM

Coding/Q

XRF Forensic
examinations 

Radiochemistry
(alpha, beta,

ICP-MS)

Inorganics
 (ICP-MS, -OES,
IC, photometry)

REM-DEX Gamma
spectrometry +

Further
investigations

24 hours

1 week to 2 months

Destructive last 

Die für das «Collaborative 
Material Exercise» 
erforderlichen 
Aufgabenfelder im zeit
lichen Ablauf.
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The findings of the
CMX series are

important for the
development of
radioanalysis in

other areas, since
similar methods

are being used for
environmental

radioactivity
measurements

The chief investigator instructs you as 
follows:

•	 Inventory all samples and evidence 
and initiate a chain of custody for fur-
ther processing and coding of the 
samples.

•	 Compile a test plan to support the in-
vestigation with non-destructive and 
destructive techniques - with the 
aim of being able to make attributi-
ons or non-attributions, respective-
ly, or determinations of origin.

•	 Determination of the physical para-
meters and all non-destructively ac-
cessible information during the first 
24 hours. Traces for forensics must 
not be altered.

•	 Quantitative analysis and characte-
risation of the four radioactive sam-
ples with a test plan that is to be con-
tinuously adapted in accordance 
with the applicable reporting peri-
ods.

Points of particular interest are:

•	 KCan the two samples from the 
apartment be linked analytically and/
or forensically?

•	 Can the two samples from the apart-
ment be analytically and/or forensi-
cally linked to the sample collected 
at Niels’ laboratory?

•	 Can one of the confiscated radioac-
tive substances be analytically and/
or forensically linked to the referen-
ce sample?

•	 With what confidence do you make 
the above statements? Use the Gra-
ded Design Framework «GDF».     
Without statistical evidence, your 
statements will be considered in-
complete.

The collected samples

Radioactive powder in scintillation vial taken 
at the flat 

ES-1

Radioactive metal in glass container taken 
at the flat

ES-2

Radioactive powder in Erlenmeyer taken at 
Niels’ lab

ES-3

Radioactive metal as reference material 
from the accelerator lab of the University, 
where Lise and Otto work

ES-4
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•	 Determine the chemical form / com-
position.

•	 Are there other characteristics that 
allow to establish a connection bet-
ween the samples?

•	 Are there characteristics that indi-
cate a connection to material out-
side the investigative framework?

Based on the data from the scenario 
and the confiscated materials, as much 
analytical information as possible was 
collected at Spiez Laboratory on the 
first day without destroying the samples 
and under radiation protection conditi-
ons. In the further course of the exerci-
se, more and more detailed analyses 
were carried out over a period of two 
months. Uncertainties were reduced, 
the hypotheses were tested, and confi-
dence-based statements were prepa-
red on the questions asked using GDF. 
This required the employment of a va-

riety of different methods and a combi-
nation of test parameters, including op-
tical microscopy, REM-EDX, X-ray fluo-
rescence, surface analysis, total diges-
tion, radiochemical separation, isotope 
ratio analysis, photometry, ion chroma-
tography, age determination and the 
determination of activity concentrati-
ons.

After completion of the laboratory ana-
lysis, Spiez Laboratory sent the data set 
and the answers to the questions po-
sed by the investigating authorities to 
the exercise management. In the 
course of the first half of 2022, the exer-
cise management of CMX-7 will evalua-
te the data from all 25 participating la-
boratories. The primary aim is to com-
pare the solution processes employed 
by the participating laboratories.

Such exercises are valuable for Spiez 
Laboratory to ensure that, as a specia-
lised federal laboratory, it can prepare 

Spiez Laboratory – Annual Report 2021
Nuclear Forensics Switzerland: Implementation of analytics 
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itself for such cases in the best possib-
le manner. The findings of the CMX se-
ries are also important for the further 
development of radio analysis in other 
areas, since similar instruments and 
methods are being used for environ-
mental radioactivity measurements. 
Another important method that is to be 
strengthened at Spiez Laboratory is the 
spatially resolved, non-destructive ana-
lysis. In nuclear forensics, key informa-
tion for analysis is often present in par-
ticles deposited on the actual sample 
material. In addition to the established 
scanning electron microscopy, Spiez 
Laboratory therefore plans to procure a 
system for spatially resolved nuclide-
specific analysis using laser ablation 
coupled with an ICP mass spectrome-
ter.

Another important tool for nuclear fo-
rensics is inorganic analysis. It provides 
important information about the stable 
elements and isotopes. Ion chromato-

graphy and photometry also provide im-
portant data to characterise a substan-
ce and support assumptions previous-
ly based only on gravimetric data and 
stoichiometric considerations.

Beginning in 2022, Spiez Laboratory will 
further strengthen their work in the area 
of nuclear forensics and enter into a 
long-term research partnership with 
the Radiochemistry Laboratory at the 
Paul Scherrer Institute as part of a doc-
toral thesis. In this way, Spiez Laborato-
ry will also make an important contribu-
tion to the training of urgently needed 
radiochemistry specialists in Switzer-
land.

•	 White Paper Radiochemistry Switzerland. Chemistry of Radioactive Sub-
stances for the Benefit of Society: An Interdisciplinary Research Field 
with a Future (2020). Online publication of the Swiss Academy of Scien-
ces (SCNAT): www.scnat.ch

•	 Website of the Paul Scherer Institute (PSI), in particular the section of 
the Laboratory of Radiochemistry (LRC): www.psi.ch/en/lrc

Further expert information
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Evaluation of antiviral substances against SARS-CoV-2 in cell culture systems

Important decision to 
strengthen the Chemical 
Weapons Convention
On 1 December 2021, the States Parties to the Chemical Weapons Convention 
(CWC) decided that the aerosolised use in national law enforcement of che-
micals that affect the central nervous system is incompatible with the provi-
sions of the CWC. After years of commitment, Switzerland’s arms control, with 
Spiez Laboratory as an integral part, was able to make significant progress 
towards strengthening the international norm against chemical weapons.

03
Beat Schmidt
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In a reconstituted 
respiratory 

epithelium the 
viruses trigger an 
immune response  

similar to that in 
the patient

Police forces around the world use riot 
control agents (RCA) to maintain law 
and order. In humans, these RCAs can 
spontaneously produce sensory irritati-
on or incapacitating effects, which di-
sappear completely without any dama-
ge to health within a short period of time 
after the end of exposure.

The Chemical Weapons Convention 
(CWC) includes a ban on toxic chemi-
cals unless those chemicals are used 
for purposes not prohibited under the 
treaty. This includes maintaining public 
order.1 However, the CWC is silent on 
whether, apart from RCAs, so-called 
Central Nervous System-acting Chemi-
cals (CNSaCs) may also be used to 
maintain public order. The CWC, furt-
hermore, requires states to report a list 
of RCAs they hold for the purpose of law 
enforcement to the Organisation for the 
Prohibition of Chemical Weapons 
(OPCW). Switzerland and other states 
only declared RCAs, while some states 
also reported other classes of substan-
ces to the OPCW.

In 2002, Chechen rebels held more 
than 800 people hostage at the Du-
brovka Theatre in Moscow. This promp-
ted Russian security forces to release a 
narcotic aerosol into the theatre’s air 
conditioning system. After about 30 mi-
nutes, the police stormed the theatre, 
eliminated the hostage-takers and 
freed the hostages, some of whom 
were unconscious. About 120 people 
died as a result of the inhaled aerosol, 
which, according to analytical studies, 
was composed of a mixture of the opia-
tes carfentanil and remifentanil.

This operation in Moscow has steered 
the interest of the research community 
in a new direction. Several scientific re-
ports have been published exploring 
the effectiveness of CNSaCs in animal 
experiments to gain insight into lipophi-
licity, penetration of the blood-brain 
barrier, receptor efficiency and selecti-
vity/specificity for different receptor ty-
pes. Governments, too, have shown an 
interest in the possibility that their se-
curity services might be using such 

1.	 In accordance with subpara-
graph 2(b) of Article II of the 
Chemical Weapons Conven-
tion (cp. SR 0.515.08).

Mexican federal police
fire tear gas at students
and members of the
Popular Assembly of
Oaxaca during clashes
outside the University of
Oaxaca in Oaxaca City,
2006.
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substances. It appears that, thanks to 
CNSaCs, new strategies or supposed-
ly more humane methods were being 

considered to better protect people 
and the environment and keep the 
number of the dead and injured low 
when dealing with unrest, controlling 
crowds, arresting violent criminals or 
rescuing hostages.

These efforts led to first political state-
ments by Switzerland and non-govern-
mental organisations. Already during 
the First CWC Review Conference (Rev-
Con) in April 2003, the Swiss ambassa-
dor urged states to be more transparent 
and demanded that all chemicals sto-
red for law enforcement purposes be 
disclosed. Switzerland reiterated this 
request in a much-noticed policy paper 
at the second RevCon in 2008.2 In ad-
dition, the International Committee of 
the Red Cross (ICRC) and various other 
non-governmental organisations also 
addressed this topic.3 Switzerland wan-
ted to ensure that the CWC prohibition 
on the development, production and 
stockpiling of chemical weapons remai-
ned binding, also in light of the advan-
ces in science and technology. Scienti-
fic advances make it possible to exami-

ne thousands of chemical substances 
for their biological potential and to iden-
tify highly effective CNSaCs within a 
very short period of time. If these 
CNSaCs were released at unknown do-
sages and without an effective antido-
te, these supposedly non-lethal agents 
could certainly turn into lethal ones ac-
cording to the principle of Paracelsus.4 
In addition, under the guise of activities 
permitted under the CWC,5 states could 
develop a new generation of chemical 
weapons without this being noticed. 
New types of ammunition, delivery sys-
tems and equipment specifically desig-
ned for the dissemination of CNSaCs 
would inevitably lead to new types of 
chemical weapons that could also be 
used and proliferated for prohibited 
purposes. Thus, with the use of CNSaCs 
as a means of law enforcement, there 
is a latent risk of undermining the inter-
national norm against arming with toxic 
substances and the resurgence of che-
mical warfare. As a result, the effective-
ness on protective measures and the 
costs associated with incident ma-
nagement would also increase signifi-
cantly.

After Switzerland again failed to anchor 
a reference to CNSaCs in the final do-
cument of the third RevCon in 2013, a 
strong partner, Australia, came on 
board. In a joint effort, CWC states par-
ties were asked to voluntarily disclose 
their position on CNSaCs. In response, 
several states not only expressed inte-
rest in a formal CNSaCs discussion wit-
hin the OPCW, but also disclosed their 
RCAs permitted for law enforcement 
purposes.6 In the form of informal 
events for all regional groups of the 
OPCW, «side events» with well-known 
speakers were organised, and aide me-
moires or working papers on CNSaCs 
were published. This resulted in a more 
widespread sensitisation about this is-
sue.

Spiez Laboratory – Annual Report 2021
Important decision to strengthen the Chemical Weapons Convention

The Scientific Advisory
Board of the OPCW

2.	 RC-2/NAT.12, dated 9 April 
2008 : “Riot control and inca-
pacitating agents under the 
Chemical Weapons Conven-
tion”.

3.	 See for example “Report 
Technical Workshop on Inca-
pacitating Chemical Agents”, 
Spiez, Switzerland (8–9 Sep-
tember 2011) ; ICRC - Expert 
meeting report. “Incapacita-
ting chemical agents” : Law 
enforcement, human rights 
law and policy perspectives ; 
from 24 to 26 April 2012 in 
Montreux, Switzerland ; ICRC - 
Expert Meeting Report : Inca-
pacitating Chemical Agents : 
Implications for International 
Law ; 24-26 March 2010 in 
Montreux, Switzerland.

4.	 Quote from the Swiss physi-
cian Paracelsus (1493-1494) : 
“All things are poison, and no-
thing is without poison ; the 
dosage alone makes it so a 
thing is not a poison.”

5.	 In accordance with subpara-
graph 9(d) of Article II of the 
CWC, the purpose of law en-
forcement is considered an 
activity not prohibited under 
the CWC.
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The Scientific Advisory Board (SAB) of 
the OPCW Director-General delved 
deeply into the technical aspects of 
CNSaCs. Already in its report to the 
third RevCon, the SAB came to the con-
clusion that «the technical discussion 
about the possible use of toxic chemi-
cals for law enforcement has been ex-
hausted».7 Based on the CWC›s defini-
tion of RCAs, the SAB compiled a list of 
17 sensory irritants that meet the CWC 
definition of an RCA, out of 59 chemi-
cals previously declared by States Par-
ties as RCAs. According to the SAB, the 
other 42 reported chemicals did not 
meet the RCA definition due to a lack of 
short-term effects and their possible 
permanent damage to health. The SAB 
underscored that CNSaCs such as the 
opioid fentanyl and its analogues are 
considered safe under controlled me-
dical conditions. On the other hand, 
long-term adverse health effects or 
even death must be expected from a 
release of CNSaCs aerosols - this is 
due to their small safety margins, un-
even dissemination, variability in human 
reactions, and the need for rapid medi-
cal treatment after exposure.

The tone changed abruptly in 2017 with 
the entry of the USA into the CNSaCs 
debate. The goal was no longer to 
achieve an inclusive and unprejudiced 
discussion within the CWC›s policy-ma-
king organs, but to move directly to-
wards a decision to ban the aerosolised 
use of CNSaCs in national law enforce-
ment. This goal aroused stubborn resis-
tance from Russia, China and Iran. Ot-
her states held back or pleaded for an 
amicable consensus solution.

Finally, at the beginning of December 
2021, the Conference of the States Par-
ties of the CWC at its 26th Session in 
The Hague adopted a decision,8 sub-
mitted by Australia, the USA and Swit-
zerland, which stipulates that the aero-
solised use of CNSaCs is prohibited in 
national law enforcement. The decision 

was voted upon and passed with a cle-
ar majority of 85 yes votes, 10 no votes 
and 33 abstentions.

This important decision prevents a re-
surgence in chemical warfare and sig-
nificantly strengthens the international 
norm against chemical weapons. Spiez 
Laboratory made a substantial contri-
bution to this decision and is pleased 
with this clear progress in arms control 
policy.

6.	 See the Australian National 
Paper C-19/NAT.1 ; dated 14 
November 2014.

7.	 RC-3/DG.1, dated 29 October 
2012, paragraph 13 und 86.

8.	 C-26/DEC.10 : Decision : Un-
derstanding Regarding the 
Aerosolised Use of Central 
Nervous System-Acting Che-
micals for Law Enforcement 
Purposes.

What are Central Nervous System-acting Chemicals (CNSaCs)?

CNSaCs are chemical compounds that act on the central nervous system. 
These substances affect certain biochemical processes and physiological 
systems in humans and cause an incapacitating state. When use under un-
controlled conditions, they cause prolonged and severe nausea and diso-
rientation, incoherent behaviour, hallucinations, anaesthesia, loss of consci-
ousness and - in higher concentrations - lead to sedation, respiratory de-
pression, unconsciousness and even death. Under controlled medical con-
ditions, such as in hospitals, these substances are indispensable and their 
use as anaesthetics remains legitimate.

What are Riot Control Agents (RCA)?

RCAs are irritants such as CR, CN, CS, pepper sprays based on natural (OC) 
or synthetic (PAVA) capsaicin, and some more unusual agents such as mal-
odorants, convulsants or emetics. They may rapidly cause sensory irritation 
or disabling physical effects in humans, which disappear within a short peri-
od of time after termination of exposure. After exposure, the affected per-
sons are able to leave the contaminated area without assistance and so avo-
id overdose.
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Previous workshops confirmed the de-
sirability of forming a collaborative net-
work of nominated laboratories to pro-
vide transparency and confidence in 
scientific competence, analytical skills, 
and quality assurance systems in order 
to enhance the operational capacity 
and capability of the UNSGM. This sixth 
edition of the workshop series continu-
ed these discussions, however had to 
take place in a virtual format, due to the 
conditions imposed by the on-going 
COVID-19 pandemic. The virtual format 
prompted the organisers to condense 
the agenda, however it also allowed for 
a significantly broader participation, 
both in terms of numbers of partici-
pants and geographical representation.

Over the years, the workshop series has 
served as a valuable platform for sha-
ring information, consulting concepts 
and ideas as well as planning and syn-

chronising the growing number of prac-
tical activities. The latter is particularly 
relevant when considering the issue of 
inter-laboratory calibrations, as descri-
bed in the UNSGM Guidelines and Pro-
cedures,1 where a number of relevant 
activities at laboratory level are now re-
gularly taking place, including dedica-
ted confidence building and quality as-
surance exercises. Thus, conceptual di-
scussions have been gradually ampli-
fied with practical work that comes with 
clear benefits for participating labora-
tories. Not only does regular participa-
tion of laboratories in these activities 
enhance the operational capacity and 
capability of the UNSGM, it also creates 
opportunities for self-assessment, 
benchmarking and improvement. La-
boratories gain confidence, and colla-
borations between them facilitate ac-
cess to critical assets, such as databa-

A Network of Trusted 
Laboratories serving the 
United Nations
The United Nations Secretary-General’s Mechanism (UNSGM) enables the Secretary-General 
to carry out prompt investigations in response to allegations of the possible use of chemical 
and bacteriological (biological) and toxin weapons that may constitute a violation of the 1925 
Geneva Protocol or other relevant rules of customary international law. UN Member States may 
nominate appropriate laboratories to support investigations under the UNSGM. In September 
2021, Spiez Laboratory organised the sixth Swiss UNSGM Designated Laboratories Workshop 
to make progress on a functional network of trusted laboratories nominated to the UNSGM.

04
Cédric Invernizzi

1.	 Guidelines and Procedures 
for the timely and efficient in-
vestigation of reports for the 
possible use of chemical and 
bacteriological (biological) or 
toxin weapons. https ://www.
un.org/ga/search/view_doc.
asp ?symbol=A/44/561

This article is a slightly edited 
version from the workshop re-
port.

www.spiezlab.admin.ch/en/
kontrolle/unsgm.html
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ses, reference materials, analytical 
methods and expertise.

This sixth UNSGM Designated Labora-
tories Workshop had a renewed look at 
laboratory exercises, topics at the inter-
face with laboratories, laboratory repor-
ting as well as sampling guidance and 
sample transfer. Key issues of a gene-
ral nature that will require substantive 
efforts are the importance of increasing 
the geographical distribution of labora-
tories participating in these activities 
and the need to secure sustainable fun-
ding.

Workshop participants received an up-
date on the German project RefBio that 
provides for periodic wet-lab exercises 
in the fields of bacteriology, virology and 
toxinology. The project started in 2017 
and has recently been extended for an-
other three years until 2024. The Robert 
Koch-Institute leads the project and 
helps participating laboratories evalua-
te their capabilities based on their per-
formance in External Quality Assurance 
Exercises. Ten exercises have been 
conducted so far and corresponding 
annual workshops have greatly facilita-
ted the exchange of best practice bet-
ween participants. Since its inception, 
participation of laboratories from diffe-
rent regions of the world has gradually 
increased, but efforts are still needed to 
engage more laboratories from certain 
regions, particularly from South Ameri-
ca, Africa, the Middle East and parts of 
Asia. Future work under the project Ref-
Bio will therefore significantly invest in 
the provision of training to laboratories 
nominated to the UNSGM roster and 
the setup of a curated reference geno-
me database for use in forensic profi-
ling of bacteria.

The State Key Laboratory of Infectious 
Disease Prevention and Control (SKLID) 
of the China Centre for Disease Control 
(China CDC) announced a new initiati-
ve, planned to start in spring 2022. The 

planned sand-table laboratory exercise 
aims at identifying a currently unknown 
and undescribed pathogen, presumed 
to be the causative agent of a potential 
international epidemic (Disease X), and 
investigating its animal origin.
Building on the experience gained from 
previous activities, the Robert Koch-In-
stitute, the Danish Technical University 
and the Swedish Defence Research 
Agency (FOI) have started a new two-
year project of dry-lab exercises funded 
by the US Department of State. The fo-
cus lies on the detection, identification 
and characterisation of viral pathogens 
as biological weapons using DNA se-
quencing data.

In terms of interfaces with laboratories, 
workshop participants learned about 
the current status of the capstone exer-
cise, offered by Germany and imple-
mented by the Robert Koch-Institute. 
The first activity already took place in 
November 2020, with a five-day virtual 
table-top exercise of the pre-deploy-
ment activities of a UNSGM investiga-
tion. A number of lessons were learned 
in the table-top exercise that will help 
assist in the preparation of the full-sca-
le field exercise that is planned to take 
place in 2022, the pandemic situation 
permitting. To simulate the complexity 
of a UNSGM mission, it will involve all 
relevant stakeholders, including desig-
nated laboratories.

Previous workshops have already highl-
ighted the central significance of labo-
ratory reporting, which has prompted 
recent efforts to develop guidance and 
templates. Since reporting practices of 
forensic laboratories are well establis-
hed, these could be leveraged to guide 
the development of UNSGM forensic 
reporting. Within the RefBio project the 
further development of a template will 
be pursued.

Flowing from earlier workshop editions, 
a working group under Canadian lead 

Participation of
laboratories

from different
regions of the

world has
gradually
increased

Spiez Laboratory – Annual Report 2021
A Network of Trusted Laboratories serving the United Nations
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has been looking at the interaction of 
field investigation teams and designa-
ted laboratories, particularly with regard 
to sampling. Recent work includes an 
outline of needs, a review of existing 
protocols and drafting of recommen-
ded operating procedures as well as 
associated guidance documents for 
environmental biological sampling and 
for the preparation of biological sam-
ples for international shipment.

The final topic addressed the transfer of 
samples, an issue that has emerged in 
recent discussions. A virtual table-top 
exercise is being prepared and coordi-
nated by the US Department of State. 
This exercise will explore political, legal, 
regulatory, and technical challenges 
that could be encountered when mo-
ving a biological sample across interna-
tional borders, and discuss potential 
solutions.

This sixth UNSGM Designated Labora-
tories Workshop was another signifi-
cant step by this dedicated community 

to engage and redouble efforts to move 
towards an operational and fit-for-pur-
pose network of trusted laboratories for 
the UNSGM. It was both encouraging 
and motivating to learn that existing in-
itiatives will continue and new ones are 
about to start, especially when conside-
ring the difficulties and challenges po-
sed by the on-going pandemic. Within 
the concert of all the efforts to streng-
then the operational capacity and capa-
bility of the UNSGM, the support, coor-
dination and outreach of UNODA will be 
central to sustain interest and attract 
funding. The Swiss workshop series will 
continue to serve as a platform for feed-
back and cross-talk between different 
projects, to ensure that activities of re-
levance for nominated laboratories 
move towards a compatible system and 
common approach, whilst maintaining 
the right balance between standardisa-
tion and flexibility. To that end, the se-
venth UNSGM Designated Laborato-
ries Workshop will take place from 14 - 
16 September 2022.

Laboratories from UN 
Member States 
already involved 
(2017-2020)

Laboratories 
interested in future 
participation (2021)
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The COVID-19 pandemic led to the 
postponement of the 2020 conference 
for one year and to a change in the 
workshop format. Presenters and parti-
cipants joined remotely, only chairs and 
rapporteurs gathered at Spiez to con-
duct the virtual proceedings. Whilst this 
format put time constraints on the con-
ference programme, it allowed for a 
wide range of geographical participati-
on.

Previous editions underscored how im-
portant it is to understand the state of 
maturity of a technology in order to eva-
luate its impact on arms control and se-
curity. Not everything that science and 
technology promise will eventually be-
come reality; and new scientific disco-
veries do not equal new weapons. This 
conference reviewed technologies at 
various stages of maturity – from funda-

mental research to globally distributed 
technologies at industrial scale. In three 
half-day sessions, this year’s confe-
rence discussed the subjects summa-
rised below.

How advances in science and techno-
logy influence the synthesis and utilisa-
tion of chemicals and expand the po-
tential of this “chemical space” at a fast 
pace, is a reoccurring observation at 
Spiez CONVERGENCE. Automated 
synthesis and screening, better algo-
rithms and higher computing power 
allow identifying molecules with predic-
ted characteristics. This may help with 
the development of new treatments 
and diagnostics.

An example for the utilisation of chemi-
cal molecules and the expanding po-
tential of the “chemical space” is Posi-

Spiez 
CONVERGENCE 2021:
Executive Summary
Switzerland started the Spiez CONVERGENCE conference series in 2014 to 
continue the discussions the Organisation for the Prohibition of Chemical 
Weapons’ (OPCW) Scientific Advisory Board (SAB) had started on conver-
gence in chemistry and biology. This fourth edition again offered a platform 
to the science, industry and arms control communities for monitoring and 
discussing how new developments in science and technology may affect the 
regimes governing the prohibition of chemical and biological weapons.

05
Stefan Mogl

This article is a slightly edited ver-
sion from the conference report.

www.spiezconvergence.com
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tron Emission Tomography (PET). PET is 
an imaging technology that uses radio-
actively labelled chemicals as PET tra-
cer. Glucose with one hydroxyl group 
substituted with 18F is an example for 
such a chemical tracer. PET is a highly 
sensitive diagnostic method that can 
help to detect pathological changes 
before any morphological manifestati-
ons occur.

Biocatalysis is a second example for 
how advances in science and techno-
logy are expanding the “chemical 
space”. The OPCW SAB keeps this sub-
ject under review because of the appli-
cation of biologically mediated proces-

ses for the industrial production of di-
screte organic chemicals. Biocatalysts 
have many advantages; they offer reac-
tion and stereo selectivity, are general-
ly non-toxic and easily biodegradable. 
They also operate under similar and ge-
nerally modest reaction conditions for 
different types of chemistry. Biocata-
lysts do not pose particular concerns 
regarding the synthesis of known che-
mical warfare agents. They however 
provide access to molecular structures 
that are not easily produced otherwise 
through traditional methods and they 
play an increasingly important role in 
the manufacturing of certain chemicals, 
e.g. fragrances, which was presented 
during the workshop.

Genome Engineering is a recurrent the-
me at Spiez CONVERGENCE. This con-
ference looked at advances in Digital 
Genome Engineering, using algorithms 
to facilitate assembly of DNA cons-
tructs from genome sequencing data 
stored in digital databases. New algo-
rithms help streamline DNA synthesis. 
They optimise the native DNA sequen-
ce and maintain the coding for the tar-

get proteins without compromising 
functionality. In April 2021, the first com-
putationally optimised semisynthesi-
sed cells were made, and full cell syn-
thesis capability is projected by 2023. 
Today’s computer algorithms enable 
the generation of entire genomes from 
scratch, providing new solutions to 
pressing challenges. However, a wide 
accessibility of genome synthesis in-
creases the potential for accidents as 
well as for technology misuse.

Projects in synthetic biology require re-
latively long DNA strands of many thou-
sand base pairs in length. Today, the 
synthesis of DNA is error prone, in ave-
rage one error occurs in every 200 base 
pairs. Conventional error correction is 
laborious and under the title Third Ge-
neration DNA Synthesis, binary assem-
bly error removal was presented as a 
solution. Currently at prototype stage, 
the method is based on three core 
technologies: a chip with thousands of 
pixels independently thermally control-
led, phosphoramidite chemistry ena-
bling thermally controlled synthesis of 
single stranded DNA, and on-chip as-
sembly of single DNA strands into dou-
ble-stranded DNA. Errors are recogni-
sed and removed during assembly ba-
sed on the physical property that hete-
roduplex DNA strands melt at a lower 
temperature than a strand that has a 
correct match. Future plans include a 
plug-and-play bench-top instrument 
utilising “smart” consumables. The aim 
is to provide researchers with modular 
third-generation bench-top DNA syn-
thesis capability. The potential associa-
ted with this technology goes far be-
yond that of genome cloning or geno-
me editing (e.g. CRISPR), and so does 
its potential for misuse. The conse-
quences of the growing access to tools 
of synthetic biology have yet to be fully 
understood, as well as the require-
ments for regulation and/or oversight.

In the area of Nanoscience and Nano-
technology this conference looked at 
the use of nanomaterials as drug deli-

The wide accessibility of genome synthesis in-
creases the potential for accidents as well as

for technology misuse

Spiez Laboratory – Annual Report 2021
Spiez CONVERGENCE 2021: Executive Summary
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very systems. A drug release mecha-
nism was presented that responds to 
physiological or other stimuli and which 
has reached the stage of preclinical 
studies. Nasal or oral uptake of nano-
particles of glucose-sensitive polymers 
deliver insulin to diabetic patients. At 
high glucose levels, the nanoparticles 
degrade and release insulin. Another 
example of a drug delivery vehicle are 
green tea based drug carriers. Experi-
ments have shown positive effects 
when anticancer drugs are delivered by 
green tea based nanocomplexes. Na-
nomaterials have also been studied as 
a method to fight microbial resistance 
to antibiotics. Salts of poly-imidazolium 
particles have shown to disrupt the 
membrane and break down the cell 
wall, which rapidly kills microbial patho-
gens and circumvents the development 
of resistance.

Artificial Intelligence (AI) has become 
an important technology for the synthe-
sis and utilisation of chemical molecu-
les. The combination of improved algo-
rithms, increased computational power 
as well as open access to data is beco-
ming a game changer and is making so 
far unknown molecules and entire “che-
mical spaces” accessible. A very promi-
sing field is the use of machine learning 
(ML). ML algorithms predict properties 
based on existing data to prioritise 
drugs for in vitro and in vivo testing. Cu-
rated data depositories are combined 
with trained algorithms to function as 
generative models, working like a me-
dicinal chemist. Such a generative mo-
del could however also be employed to 
propose structures for toxic agents – an 
example based on the nerve agent VX 
was presented at the workshop.1 Using 
ML, the steps from molecular design to 
synthesis are becoming easier and they 
can be automated, with the downside, 
that such ML methods could be deploy-
ed to actively avoid control measures. 
The number of companies that are ac-
tive in the field of AI is growing rapidly 
and so is the capital investment in this 
industry. The conference discussed an 

emerging risk in the AI industry due to a 
seeming absence of awareness about 
the misuse potential of AI as well as a 
lack of oversight.

Advances in mRNA Technology and 
mRNA-Based Vaccines have gained 
much attention during the COVID-19 
pandemic, which fuelled the develop-
ment of vaccines against SARS-CoV-2. 
Different mRNA platform technologies 

and their advancement enable faster 
development of therapeutics and vac-
cines. Additionally, they increase their 
efficiency and thus reduce the amount 
of RNA needed. Furthermore, they 
broaden the applicability of the ap-
proach. Genes of monoclonal antibo-
dies can be encoded in the RNA and 
thus eliminate concerns on their modi-
fications and artefacts from their pro-
duction. mRNA-vaccines are game 
changers as their rapid design and de-
velopment enables shorter times to 
production and easier adaptation to tar-
gets. The synthesis platforms allow fast 
and cell-free production, and are large-
ly independent of the RNA sequence. 
These new types of synthesis and deli-
very platforms are being developed by 
collaborations of academic groups, 
companies and funders, and many op-
portunities exist, to optimise them fur-
ther. Potentials for misuse arise from 
the encoding of complete virus geno-
mes to launch an infection without the 
need for physical access to the virus as 
well as from encoding toxic proteins 
and delivery through the already esta-
blished routes. While this was also pos-
sible using plasmids, the new mRNA 
platforms make delivery much more ac-
cessible.

Yeast-Based Synthetic Genomics can 
be used to de novo assemble, recons-

Artificial Intelligence has become an
important technology for the synthesis and

utilisation of chemical molecules

1.	 After the conference, the re-
sults have been published : 
Urbina, F., Lentzos, F., Inver-
nizzi, C. et al. Dual use of arti-
ficial-intelligence-powered 
drug discovery. Nat Mach In-
tell 4, 189–191 (2022). The ar-
ticle generated an exceptio-
nally large interest in the pro-
fessional community, at politi-
cal level, and in broader news 
media.
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truct and edit viral genomes at relative-
ly low-cost. The idea is to create a syn-
thetic cell that has a minimal set of ge-
nes for which all functions are known. 
The construction of such a cell poses 
several challenges. Yeast cells are used 
to “park” genomes and to perform ge-
nome engineering techniques, for 
example by using CRISPR. Yeast-as-
sembly technology for example was 
successfully used to reconstruct SARS-
CoV-2 in January 2020 within a short 
period of time, and a vaccine against 
African Swine Fever that takes advan-
tage of a yeast-based platform is cur-
rently in development. Another area for 

the application of yeast-assembly tech-
nology is the development of bacterio-
phages – viruses that target bacteria 
with high specificity. The bacteriopha-
ges would then be deployed to treat in-
fections with multi-drug resistant bac-
teria.

Universal Vaccines are an attempt to in-
duce protection against all viruses wit-
hin one viral species/genus/family, and 
against variants that could appear over 
time. Influenza is an example, where 
one form of the virus can after some 
time replace another, and where seve-
ral forms of the virus can co-exist over 
long periods. Small mutations in the ge-
nome may change the virus, or different 
strains of one virus, or strains of diffe-
rent viruses combine and form a new 
subtype. A universal vaccine will try to 
target conserved parts of the virus and 
induce protective levels of antibodies. 
Universal vaccines are currently under 
development for Influenza, SARS-
CoV-2, HIV-1 and Hepatitis C. Success-
ful candidate vaccines will have a com-
plicated development path, and a uni-
versal Influenza vaccine is possibly 5–10 
years away.

Summary and Conclusions, the final 
session of Spiez CONVERGENCE, is al-
ways dedicated to a policy discussion. 
What is the impact of the new advances 
in science and technology that were 
just presented? The 2021 conference 
confirms one observation from 2014 – 
science and technology advances at a 
fast pace. Furthermore, the time it takes 
for new discoveries to find application 
in society seems to become shorter. 
This years conference highlighted im-
portant developments that cause fun-
damental changes in experimentation 
and manufacturing in the life sciences:

The “chemical space” is expanding, 
making new domains of unknown che-
micals available with new and designed 
functionality. The way experiments are 
conducted is shifting further away from 
using wet chemistry and living orga-
nisms to employing algorithms, mo-
dels, data libraries and computation. 
The availability of automation and dis-
tributed cloud services is a growing 
trend. Technologies that allow the deli-
very of bioactive molecules to a chosen 
target have been successfully develo-
ped.

Advances in life sciences and enabling 
technologies bring great benefits to hu-
mankind. However, there is virtually no 
single-use life sciences technology. 
Dependent on the intent, technological 
advancements can be misused to de-
velop chemical or biological warfare 
agents, to find new methods for the pro-
duction of known agents, to help defe-
at detection or verification, or to com-
promise existing countermeasures. 
The use of chemical weapons in the Sy-
rian conflict and assassination at-
tempts using nerve agents demonstra-
te that interest in chemical weapons is 
not an issue of the past. Arms control 
measures must therefore not obstruct 
scientific progress but assist in apply-
ing such progress towards beneficial 
purposes.

The time it takes for new discoveries to find
application in society becomes shorter

Spiez Laboratory – Annual Report 2021
Spiez CONVERGENCE 2021: Executive Summary
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Advances in science and technology 
manifest themselves in capabilities. 
How these capabilities are deployed is 
directed by intent. Laws and internatio-
nal conventions provide the regulatory 
context, long-term values, norms and 
aspirations. Conventions are however 
not designed to adapt their implemen-
tation tools as quickly and as often as it 
may be necessary to keep up with the 
pace of scientific progress. There must 
be complementary measures coming 
from other communities and actors.

An important example is the increased 
dependency of the life sciences on 
open-source data and software, on 
cloud services, and on the internet for 
access to materials, equipment and 
services. Who actually owns the data or 
decides over access? How can objecti-
ves and intent be recognised, if activi-
ties and transactions are separated and 
executed within complex programme 
structures that obscure the final pro-
duct? How much does cybersecurity 
play a role in these processes?

Which actors are best placed to assess 
risks and benefits of new capabilities? 
Are these the subject matter experts 
because they understand the implicati-
ons of their work, or the policy commu-
nity who tends to focus on the risks rat-
her than the benefits? An ongoing dia-
log is required between the policy com-
munity explaining its concerns about 
how existing norms could be undermi-
ned, and the subject matter experts to 
assess, whether and how a given tech-
nology could actually enable that.

Outreach, Awareness Raising, Ethical 
Guidelines, Codes of Conduct, Ethics 
Training etc. are initiatives that focus on 
a dialog about risks and benefits of new 
advancements. These initiatives gene-
rally aim to build consideration in the 
scientific community to take responsi-
bility for its work and create a system of 
self-governance. Education and trai-
ning initiatives however generally target 
individuals and self-governance is more 

than good behaviour of individuals. The 
challenge for the policy community is 
how it can engage more effectively with 
the wide spectrum of the scientific 
community and to find the right balan-
ce between the focus on institutions 
and the individual.

In order to further explore how advan-
ces in science and technology affect 
the norms and measures of chemical 
and biological arms control and how to 
properly respond, Spiez CONVERGEN-
CE will continue to facilitate conversati-

ons between experts from the worlds of 
science, technology and industry as 
well as policy experts – next in Septem-
ber 2022.

Arms control measures must not obstruct
scientific progress but assist in applying

such progress towards beneficial purposes



Provision of the 
fundamentals

Spiez Laboratory developes fundamen-
tals on the basis of which the Swiss po-
pulation can be protected in the event 
of an NBC event. To this end, necessa-
ry scientific expert reports are being 
developed and made available to Swit-
zerland’s civil and military authorities 
and operational organisations. With a 
view to ensuring broad support of its 
products, Spiez Laboratory attaches 
great importance to cooperation with 
the cantons, colleges and universities. 
In this way, various concepts and docu-
ments have been created in recent ye-
ars such as the implementation guide 
for the strategy «NBC Protection Swit-
zerland», the manual on personal NBC 
protective equipment as well as various 
fact sheets, posters and brochures.

Equally important is the catalogue of 
NBC reference scenarios, which was 

revised and updated in 2021: These 
scenarios allow a wide range of NBC 
threats relevant to civil protection to be 
analysed. The experts of the cantons 
use the NBC reference scenarios as a 
basis for preventive planning so that 
they can respond quickly and efficient-
ly to NBC events.

Expert advice and testing
Advice before deployment – this is the 
motto under which the cantons and ot-
her partners in civil protection and se-
curity receive NBC-specific expert ad-
vice on deployment systems and indivi-
dual protection. Spiez Laboratory has 
extensive knowledge of the various 
components of personal protective 
equipment (masks, protective suits) as 
well as detection devices.

Services provided by 
Spiez Laboratory for the 
benefit of the Cantons
Spiez Laboratory deals with radiological, nuclear, biological and chemical 
hazards. The beneficiaries of this work include the cantonal and municipal 
emergency services. In an emergency, these services can fall back on the 
assistance of the experts from Spiez. Upon request, Spiez Laboratory will 
also support cantonal authorities in developing their NBC emergency res-
ponse plans.

06
Pia Feuz
César Metzger
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Zusammenfassung

Unfall in einem Schweizer KKW mit ungefilterter Freisetzung radioaktiver Stoffe

Freisetzung radioaktiver Stoffe und sehr starke 
Kontamination bis zu einer Distanz von ca. 10 km in 
Abwindrichtung (Dosis im ersten Jahr > 20 mSv). 
Kontamination (Dosis im 1. Jahr > 1 mSv) bis zu einer 
Distanz von 70 km

Räumlich

Operationelle und technische Massnahmen im KKWVerhinderung

Eingespielte Alarmorganisation, Notfallübungen, 
Ausrüstung und Ausbildung des KKW-Personals 

Vorsorge

Zeitgerechte Information der Bevölkerung, Massnahmen 
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According to Swiss federal
law, Spiez Laboratory is
responsible for providing
NBC hazard analyses.
For this purpose, Spiez
provides the cantons and
other interested parties with
reference scenarios



| 32  

Investigation of 
suspicious NBC samples
The Sample Reception Unit (SRU) is a 
safety facility for the entire Spiez NBC 
Centre and is unique in Switzerland. The 
SRU enables the safe and technically 
correct receipt, recording, interim sto-
rage and forwarding of a large number 
of NBC samples to the analytical labo-
ratories. Individual samples such as su-
spected anthrax letters, too, can be 
processed in the SRU Cantonal emer-
gency services regularly make use of 
this offer when suspicious objects are 
found.

Emergency response 
teams of Spiez Laboratory

The N, B, and C emergency response 
teams (EEVBS) of Spiez Laboratory are 
available around the clock. They are the 
only federal assets immediately availa-
ble to support the cantons and their first 
responders (fire brigade, chemical fire 
brigade, police, paramedics, etc.) in 
dealing with incidents involving a radio-
logical, biological or chemical hazard 
on site.

Immediately after an alarm has been 
raised, the incident command at the 
scene is contacted by telephone by the 
EEVBS. This means that specialist ex-
pertise is available to those responsible 
on site very quickly. Within one hour of 
an alarm being raised, a team of spe-
cialists from the Spiez site can be de-
ployed to the location. The modular and 
measuring vehicles of the EEVBS are 
equipped with modern measuring 
equipment and emergency material. 
This enables the teams to protect them-
selves on site and take initial measure-
ments and collect samples. In the case 
of complex or large-scale incidents, mi-
litary units of the NBC defence forces 
can also be called in.

Because NBC incidents rarely occur, 
the procedures at Spiez Laboratory are 
practised at regular intervals. The N, B, 
and C emergency response teams un-
dergo special training and take part in 
joint exercises with cantonal emergen-
cy organisations.

The emergency
response teams

of Spiez
Laboratory are

available
around the

clock
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Members of the Biology
DDPS Emergency
Response Team during
an exercise
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Personal protective equipment (PPE) 
helps to prevent injury and damage to 
workers’ health and must be adapted to 
their body shape. For example, in order 
to be fully effective, respiratory protec-
tive masks must be properly fitted. Their 
shape and size, in relation to the anthro-
pomorphic dimensions of the user’s 
face, are major factors in terms of fit 
quality. A quantitative fit-test is used to 
verify the creation of a sealed area 
against the face of the user.

In order to be brought onto the Euro-
pean market, respiratory protective 
masks must be produced in accordan-
ce with European standards: EN 149 
and EN 405 for half-face filtrating 
masks, covering the nose, mouth and 
chin and providing protection, respec-
tively, against particles (FFP) and gases, 
and EN 136 for full-face masks, also co-
vering the eyes. According to these 
standards, masks must be tested for 
face tightness by a panel of ten people 

chosen to cover the facial characteris-
tics of typical users.

During the initial phase of the SARS 
CoV-2 pandemic in 2020, a major pro-
blem was the shortage of supply of me-
dical protective equipment. As recogni-
sed mask testing laboratories in Euro-
pe were not available, Spiez Laboratory 
developed a simplified ad hoc procedu-
re to check the quality of respiratory 
protective masks imported into Swit-
zerland.1 However, the number of volun-
teers to carry out the fit tests, usually 
employees, was often insufficient, par-
ticularly because of health measures. 
As a result, the panel did not represent 
the different morphologies of users as 
specified in the standards.

In response to the lack of respiratory 
protective equipment, small and medi-
um-sized companies in the Swiss tex-
tile industry developed alternative pro-
ducts.2 As these companies initially had 
limited know-how in the field of mask 

Development of mask 
testing: 3D printing of head 
models
Testing as wide a range of protective mask shapes as possible requires a considerable number 
of volunteers. However, these were not always available during the COVID-19 pandemic. This 
was why Spiez Laboratory developed a process for manufacturing head models using a high-re-
solution 3D printer.
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1.	 Delaloye et al., (2021) Distribu-
tion of low quality filtering 
facepiece respirators during 
the COVID-19 pandemic : an 
independent analysis of the 
situation in Switzerland. Swiss 
Med Wkly.151 :w20459.

2.	 Batt et al., (2022) Community 
masks - from an emergency 
solution to an innovation 
booster for the textile industry, 
Chimia 76  249–254. (Project 
Innosuisse, Agence suisse 
pour l’encouragement de l’in-
novation : Project reMask, N° 
46668.1 IP-ENG « ReMask : 
Strategies for innovations for 
Swiss masks needed in pan-
demic situations”).
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08manufacture, especially in terms of de-
sign, they had to invest a significant 
amount of time during the research and 
development phases, especially with 
regard to fitting measurements.

The use of dummy heads to test the re-
spirators could have helped the desig-
ners and covered a wider range of sizes 
than those of the volunteers available. 
Some commercial models are very rea-
listic, with face and sweat simulation, 
but the price and delivery times were 
not reasonable. Other models use ma-
terials that do not simulate human faci-
al tissue and were therefore unsuitable 
for fit testing.

Polylactic acid dummy heads were the-
refore made directly at Spiez Laborato-
ry using a 3-D printer. Using an epoxy-
coated polyurethane matrix, the heads 
are coated with high performance sili-
cone, available with different degrees of 
hardness to simulate the flexibility of 
the skin. The dummy heads also have a 
concentric tube attached to the inside 
of the head for connection to an exter-
nal breathing apparatus.

In order to improve the manufacturing 
process, the first series of dummy 
heads was designed in five sizes, ac-
cording to the anthropometric dimensi-
ons reported in the ISO/TS 16976-2 
standard, determined by a principal 
component analysis (PCA) of the mor-
phology of nearly 4000 subjects.3 Sub-
sequently, a second set representing a 
selection of Spiez Laboratory emp-
loyees was digitised using a system of 
3-D scanning and image processing. 
The results of the fit tests, compared to 
those of the real testers, allowed the 
evaluation of the approach taken. Ho-
wever, a high-resolution 3-D scanner is 
needed to improve the scanning pro-
cess and thus to obtain more represen-
tative head models.

The sizing and testing of respirators is 
time consuming and tedious, but ne-

cessary to ensure an optimal fit on the 
wearer’s face. In order to overcome the 
lack of a representative panel of testers 
and to reduce the resource costs of fit 
testing, Spiez Laboratory has develo-
ped a technique to provide a rapid esti-
mation of the fit of masks on the wea-
rer. The long-term goals of this project 
would be to establish and statistically 
evaluate user panels to determine re-
presentative face sizes for different 
genders and ethnic or occupational 
groups, and thus to tailor the head form 
sizes to meet demand. It could also be 
considered worthwhile to incorporate 
these different dimensions into interna-
tional standards for respiratory protec-
tive devices.

The sizing and
testing of

respirators is
time consuming
and tedious, but

necessary to
ensure an
optimal fit

Spiez Laboratory – Annual Report 2021
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3.	 ISO/TS 16976-2 :2015 Respira-
tory protective devices — Hu-
man factors — Part 2 : Anthro-
pometrics
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As early as March 2020, at the very be-
ginning of the COVID-19 Pandemic in 
Switzerland, the challenges in the glo-
bal supply chains for materials, rea-
gents and medicines required for the 
management of the pandemic became 

abundantly clear. As diagnostic testing 
had to be rapidly ramped up, even basic 
molecular biology laboratory equip-
ment came with major delays in delive-
ry times, causing severe shortages. 
This threatened to hamper the urgently 

Academic Resources 
for COVID-19 (ARC): 
Open-source 
technology for crisis 
response
In the first quarter of 2020, the world was confronted with an old enemy it had 
not seen to such an extent in hundred years: a pandemic caused by a virus. 
The extent of the COVID-19 crisis very rapidly caused severe shortages in 
many of the globalised supply chains, particularly in the fields of medical and 
laboratory supplies. In extreme situations, i.e. when common processes and 
means falter, unconventional solutions and novel approaches are needed. 
Spiez Laboratory joined forces with the ETH Zurich (ETHZ) and the École 
polytechnique fédérale de Lausanne Blue Brain Project (EPFL BBP) to develop 
an immediate solution to ease bottlenecks and interruptions, and in a second 
step evolve it into a tailor-made, open-source web platform for match making 
and execution control for unconventional supply relief.

César Metzger
Cédric Invernizzi
Roman Stocker, Professor Dr, ETH Zurich
Felix Schürmann, Professor Dr, EPF Lausanne



needed upscaling of testing capacities 
or even put a stop to testing workflows 
at individual sites. 

Under the umbrella of the Swiss Natio-
nal COVID-19 Science Task Force, 
which originated from a task force of the 
ETH Domain, ETHZ and the EPFL BBP 
(a Swiss brain research initiative to es-
tablish simulation neuroscience) colla-
boration began with Spiez Laboratory. A 
service was set up to support Swiss dia-
gnostic laboratories testing for SARS-
CoV-2, by linking them with academic 
research laboratories in an attempt to 
source much needed supplies (consu-
mables, reagents and machines) and 
personnel. This service became the 
Academic Resources for COVID-19 
Platform, in short ARC.

As the first wave of the pandemic took 
the world by surprise, many activities, 
such as academic research, were redu-
ced or halted following crisis manage-
ment measures such as partial or com-
plete lockdowns. With activities in aca-
demic laboratories reduced to a mini-
mum, the academic community made 
material, reagents and in some cases 
machines and their own personnel avai-

lable in support of the diagnostic labo-
ratories. 

In its first iteration, the ARC Platform 
was an organisational measure, where 
moderators – students and researchers 
from ETHZ – contacted academic labo-
ratory heads asking for offers of re-
sources. Spiez Laboratory contacted 
diagnostic laboratories and monitored 
their needs informing the moderator 
team in turn. The moderator team then 
manually matched offers with de-
mands, taking also the location of both 
in consideration, to propose possible 
transactions. Spiez Laboratory, otherwi-
se tasked with establishing the situatio-
nal awareness of all laboratories, used 
its general overview to analyse propo-
sed transactions with the backdrop of 
the national epidemiological and sup-
ply situation to validate each proposed 
transaction.

In a second iteration, which was deve-
loped immediately after ensuing the 
first platform, the three partner institu-
tions worked with the Swiss start-up di-
gital agency Apptitude SA (an EPFL 
spin-off company) in order to turn the 
ARC into a tailor-made, open-source 
online platform that has advanced au-

Spiez Laboratory – Annual Report 2021
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tomated match making workflows whi-
le allowing oversight and execution 
control for Spiez Laboratory. The se-
cond version of the platform was rolled 
out in time for the second wave of the 
pandemic. With more streamlined 
workflows, the monitoring and operati-
on of the platform required less human 
intervention and expert support, hence 
a smaller team of moderators working 
only part-time.

During the first wave, 150 unique users 
submitted close to 300 requests and 
400 offers. Of these offers, 55% could 
be successfully ‘matched’ with re-
quests. While not all laboratory supplies 
from academic research laboratories 
can be used in diagnostic laboratories, 
supplies such as plastic-ware, protec-
tive equipment, pipetting robots and 
even certain types of RT-PCR machines 
could successfully be made available.
The open-source ARC Platform demon-
strated the ingenuity and team spirit of 
multiple Swiss institutions working to-
gether, over extremely fast timescales, 
to resolve an urgent bottleneck created 
by the rapidly rising pandemic. Its tech-
nology is not limited to its current use in 
the COVID-19 crisis in Switzerland. Pro-
vided as an open source application, 

the technology may not only be used in 
other countries for the same purpose, 
but thanks to its modifiable ontology, it 
can also be adapted to be employed 
within other contexts, such as the ex-
change of hospital equipment or of any 
other type of humanitarian relief sup-
plies.

Diagnostic
laboratories

Academic
laboratories

Spiez Laboratory Moderators

Submit request Propose supplyApprove request

Approve attribution

Liaise supplier and requester

Attribute supply to request

The ARC
Platform

demonstrated
the ingenuity

and team spirit
of multiple
institutions

working
together

The Academic Resources for COVID-19 Platform (ARC): Actors and high-level workflow. ARC is designed to facilitate the sourcing
of critical supplies needed by diagnostic laboratories from academic laboratories, while allowing a central decision-maker (Spiez
Laboratory) to prioritise and approve individual agreements.

This work was published in the 
open-access peer-reviewed jour-
nal Frontiers in Public Health 
(https://doi.org/10.3389/fpu-
bh.2021.607677), and the related 
technology has been open 
sourced.

doi.org/10.3389/fpubh.2021.607677



New test method for NBC 
protective equipment
The Materials Testing Branch tests materials for NBC protective equipment 
such as suits, gloves, masks and overboots for their protective performance 
against chemical warfare agents. To this end, a specially developed camera 
system supports a new, highly efficient testing method.
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Thomas Friedrich

The standardised test set-up is basical-
ly simple: To test the materials for pro-
tective equipment, a liquid chemical 
warfare agent is applied to the outside 
of the material samples. Subsequently, 
the time is measured until the agent has 
penetrated the material (breakthrough 
time).

Each material sample and an underly-
ing indicator paper are fixed to a glass 
plate with liquid wax. The indicator pa-

per, which is dyed red and treated with 
a chemical reagent, turns blue on con-
tact with the agent.

In the Chemical Safety Laboratory, the 
samples are then contaminated with a 
liquid warfare agent. The specifically 
trained personnel wear full C-protecti-
ve equipment for this purpose (Fig. 1).

The contaminated samples are sealed 
with glass caps and positioned over the 

Aluminium Frame

Carriage Drive Motor

Cameras Camera Carriage Carriage Guide RailsCarriage Drive Spindle

Ring Flash Lamps Aluminium Plate (Positio-
ning of Test Specimens)
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openings of a black aluminium plate 
that is fixed on the frame of the came-
ra system (Fig. 2). A maximum of 12 
samples can be tested simultaneously, 
arranged in two adjacent rows of six 
measuring positions each.

The camera system, developed in col-
laboration with two companies from the 
private sector, consists of an aluminium 
frame with a horizontally movable car-
riage on which two cameras are moun-
ted next to each other. Each camera is 
equipped with a ring-shaped flash lamp 
(see picture camera system).

The two cameras under the samples 
take photos of the undersides of the in-
dicator papers at regular intervals. The 
flash lamps provide good lighting, be-
cause the tests take place in an enclo-
sed heating cabinet at 30° or 37°C. This 
simulates elevated temperatures that 
the material assumes when it is worn in 
an incident on the body of emergency 
workers, in the form of personal chemi-
cal protective equipment. Higher tem-
peratures usually lead to noticeably 
shorter breakthrough times.

The image sequences can be exami-
ned on the computer and the resulting 
time of the breakthrough can be deter-
mined.

Agent breakthrough can be recognised 
by sickle-shaped or circular blue disco-
lorations of the indicator paper (Fig. 3). 
This colour pattern is the result of ap-
plying the indicator chemical, which is 
dissolved in liquid, in uniform drops to 
the red-dyed indicator paper before 
testing.

This test method works reliably with rat-
her fast breakthroughs in the range of a 
few minutes to approx. 5 hours. It is thus 
suitable for an initial screening of sam-
ple materials. For a more detailed exa-
mination of NBC protective materials, 
the Materials Testing Branch also uses 
a quantitative detection method with 
which the mass of the breached agent 
can be determined as a function of time 
(breakthrough curve).

Figure 1: Contamination of material samples with chemical agent

Figure 2: Contaminated samples on the camera system

Figure 3: Breakthrough detection of the chemical agent using indicator paper
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In search of 
chlorine biomarkers
Due to its industrial relevance as well as its simultaneous use as a 
chemical weapon, chlorine is a so-called «dual-use» chemical that 
is not listed in the Schedules of the Chemical Weapons Convention. 
Any country is therefore permitted to produce chlorine on a large 
scale. The military use of chlorine as a chemical weapon, however, 
is internationally banned.1 This makes research into chemical bio-
markers all the more important, especially in the case of chlorine, 
in order to be able to detect possible exposures in the human body.
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Chlorine (Cl2) is an essential industrial 
chemical and is produced in large 
quantities worldwide. It is used in nu-
merous chemical manufacturing pro-
cesses, for example for plastics, but 
also for the treatment of drinking wa-
ter.2,3,4 At the same time, the corrosive 
and highly toxic chemical marks a dark 
chapter in human history: During the 
First World War in Ypres (Belgium), over 
150 tonnes of Cl2 were used. The highly 
toxic chlorine clouds caused thousands 
of injuries and deaths. From that day on, 
chlorine, as a chemical weapon formed 
part of the methods of warfare of the 
First World War.4,5 To increase the effi-
ciency of the weapon, other, even more 
toxic gas mixtures followed soon, with 
chlorine at times being mixed with 
phosgene. With the development of 
more effective chemical weapons such 
as Yperit (mustard gas), chlorine disap-
peared from warfare over the following 
decades and made headlines only in 
the event of an industrial accident. It 
was not until 2006 and 2007 that chlo-
rine was again used as a weapon, this 
time in terrorist attacks by suicide 
squads in Iraq.7,8,9 Chlorine also re-
emerged as a chemical weapon in the 

Syrian war. Since 2012, over 336 chemi-
cal weapon uses have been credibly 
documented and/or confirmed in Syria. 
Of these, around 89% are attributable 
to the chemical Cl2. Dropped by heli-
copters as barrel bombs, the chemical 
claimed many civilian victims and beca-
me the focus of the fight against the use 
of chemical weapons.10

At room temperature, Cl2 is present as 
a yellow-greenish gas with a pungent, 
«chlorine-like» odour. Due to its densi-
ty, Cl2 sinks to the ground and can pe-
netrate cellars or bunkers. Chlorine pri-
marily enters the lungs through the 
nose and mouth, where it causes great 
tissue damage. The dose as well as the 
duration of exposure are decisive for 
the severity of possible irritations, che-
mical burns, pulmonary oedema and for 
the lethality of this toxic gas.3,11  There is 
no specific antidote to chlorine poiso-
ning, hence only measures treating the 
symptoms are possible.

In the case of an attack with chlorine, af-
ter a short time the substance can no 
longer be detected in the environment, 
as it is very volatile, dilutes in the am-
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And On Their Destruction 2005.
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conventional weapon. West J 
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3.	 Evans, R. B., Chlorine : State of 
the Art. Lung 2005, 183 (3), 151-
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4.	 Zellner, T. ; Eyer, F., Choking 
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tory, pathophysiology, clinical 
effects and treatment. Toxico-
logy Letters 2020, 320, 73-79.

5.	 Marrs, T. T. ; Maynard, R. L. ; Si-
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ment. John Wiley & Sons : 2007.
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Chlorine experiment as part of
the Jack Rabbit Program, conduc-
ted in the Utah desert (US) by the 
Department of Homeland Securi-
ty, in collaboration with the Che-
mical Security Analysis Center.
The aim of the experiment was to
investigate the behavior of chlori-
ne in a standardised test area.
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bient air and degrades under the influ-
ence of air humidity. Only circumstantial 
evidence such as the remains of gas 
tanks or barrel bombs or the symptoms 
of possible victims provide clues that Cl2 
was used as a weapon. Research into 
chemical biomarkers for chemical wea-
pon exposures in the human body is 
therefore highly relevant, especially in 
the case of chlorine.10 These biomarkers 
are intended to provide an indication of 
possible exposure and must therefore 
meet various requirements such as se-
lectivity and stability. Since medical 
samples often have to travel long distan-
ces from war zones until they can be 
analysed in the laboratory, the biomar-
kers should ideally still be detectable se-
veral days to weeks after exposure.12,13

With regard to Cl2, only a few potential 
biomarkers exist, none of which have 
found practical application. Some pre-
vious studies have focused on lung tis-
sue, more specifically on the broncho-
alveolar fluid where certain chlorinated 
and oxidised fatty acid adducts have 
been found.14,15 Blood samples from Cl2 
-exposed mice  were analysed too and 
chlorinated amino acids were detec-
ted.16 The current existing biomarkers 
for Cl2 have the disadvantage that most 
of them are no longer present in the ne-
cessary quantities to allow detection 
within 24 to 72 hours after exposure. In 
addition, sampling is often impractical 
and too invasive to be used in humans 
(e.g., lung tissue samples). 

With this in mind, the Chemistry and 
Biology Divisions of Spiez Laboratory 

have been researching chlorine bio-
markers for practical application as part 
of a dissertation project with the group 
of Professor C. Bochet at the Universi-
ty of Fribourg. Initially, suitable biologi-
cal matrices were sought, such as hu-
man blood, urine or tissue samples. Hu-
man hair proved to be promising be-
cause of its stable structure. Hair con-
sists of 95 % keratin - a protein. Since 
there are various chemicals besides Cl2 
that are capable of chlorinating a sub-
stance, a number of chlorination rea-
gents were selected for the study (sodi-
um hypochlorite (NaOCl), HCl (gas), 
phosgene, oxalyl chloride, thionyl chlo-
ride, sulphuryl chloride and chloropi-
crin). This was carried out in order to ob-
tain information on the specificity of 
possible biomarkers for chlorine - sup-
plementing previous studies that only 
worked with Cl2 or Hypochlorous acid 
(HOCl). In collaboration with the Func-
tional Genomic Centre Zurich of the 
ETH Zurich, an easily reproducible met-
hod with minimally invasive sampling, 
which in addition requires extremely 
small amounts of sample material 
could be developed.

The method could be directly applied to 
the exposure analysis of human hair; no 
animal experiments needed to be con-
ducted. Hair samples (1 x, 10 cm) from 
three different healthy individuals were 
treated with the different chlorination 
reagents. This was followed by a com-
plete hydrolysis, whereby the hair was 
split into its individual amino acid com-
ponents. The resulting hydrolysate was 
chemically derivatised and analysed by 
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Figure 1. Workflow of the method developed for the analysis of Cl adducts in human hair. 

9.	 Garamone, J., Terrorists using 
chlorine car bombs to intimidate 
Iraqis. Department of Defense 
2007, 6.

10.	Schneider, T. ; Lütkefend, T., 
Nowhere to Hide : The Logic of 
Chemical Weapons Use in Syria. 
Global Public Policy Institute 
(GPPi) 2019.

11.	Gupta, R. C., Handbook of toxi-
cology of chemical warfare 
agents. Elsevier : Waltham, 
2020.

12.	Black, R. M., History and pers-
pectives of bioanalytical me-
thods for chemical warfare 
agent detection. J Chromatogr 
B Analyt Technol Biomed Life 
Sci 2010, 878 (17-18), 1207-15.

13.	Noort, D. ; Benschop, H. P. ; 
Black, R. M., Biomonitoring of 
Exposure to Chemical Warfare 
Agents : A Review. Toxicology 
and Applied Pharmacology 
2002, 184 (2), 116-126.

14.	Ford, D. A. ; Honavar, J. ; Albert, 
C. J. ; Duerr, M. A. ; Oh, J. Y. ; Do-
ran, S. ; Matalon, S. ; Patel, R. P., 
Formation of chlorinated lipids 
post-chlorine gas exposure. J 
Lipid Res 2016, 57 (8), 1529-40.

15.	Lindén, P. ; Jonasson, S. ; 
Hemström, P. ; Ålander, L. ; Lars-
son, A. ; Ågren, L. ; Elfsmark, L. ; 
Åstot, C., Nasal Lavage Fluid as 
a Biomedical Sample for Verifi-
cation of Chlorine Exposure. 
Journal of Analytical Toxicology 
2021.

16.	Pantazides, B. G. ; Crow, B. S. ; 
Quiñones-González, J. ; Perez, J. 
W. ; Harvilchuck, J. A. ; Wallery, J. 
J. ; Hu, T. C. ; Thomas, J. D. ; 
Johnson, R. C. ; Blake, T. A., De-
velopment of a clinical assay to 
measure chlorinated tyrosine in 
hair and tissue samples using a 
mouse chlorine inhalation expo-
sure model. Analytical and 
Bioanalytical Chemistry 2021.
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liquid chromatography coupled to a 
mass spectrometer (LC-MS). The raw 
data obtained were processed, analy-
sed and statistically evaluated (Figure 1).

Using the method described above, 
amino acid-based bio-adducts resul-
ting from exposure to Cl2 and/or other 
chlorinating reagents could be detec-
ted in human hair. 3-Chloro-tyrosine 
and 3,5-dichloro-tyrosine could be cle-
arly identified as biomarkers for chlori-
ne poisoning (Figure 2). These biomar-
kers were only found in human hair 
when chlorine, hypochlorite or sulfuryl 
chloride were used for the poisoning 
experiments. The compounds were not 
observed when the hair samples were 
not exposed to chlorinating agents.

Furthermore, it was shown in a long-
term study that these adducts and thus 
possible biomarkers are stable in the 
hair for months. The method thus deve-
loped is based on an experimental ap-
proach that can easily be transferred 
into practice. Using this method, it was 
possible to demonstrate that chloro-ty-
rosines are indeed biomarkers for chlo-
rine poisoning, which however are also 
formed with other chlorinating agents. 
Nevertheless, the detected bio-ad-
ducts are promising biomarkers for the 
practical application in the fight against 
chlorine as a chemical weapon.
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Figure 2. A) 3-chloro-tyrosine (3-Cl-Tyr) and B) 3,5-dichloro-tyro-
sine (3,5-Cl2-Tyr) were found in significant amounts in the hair 
samples treated with Cl2, NaOCl, household bleach and sulphuryl 
chloride.
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Rolf Althaus
Zerstörungsfreie Analysen von Refe-
renz- und Kernmaterialien mit REM-
EDX
LN 2021-01 ALTF

José Corcho
Validierung der Messung von Sr-89 
und Sr-90 in Milch-, Wasser- und Bo-
denproben mit Liquid Scintillation 
Counting (LSC)
LN 2021-01 CORJ

Joan-Albert Sanchez-Cabeza, Serguei 
Damián Rico-Esenaro, José Antonio 
Corcho-Alvarado, Stefan Röllin, Juan P. 
Carricart-Ganivet, Paolo Montagna, Ana 
Carolina Ruiz-Fernández, Alejandro 
Cearreta
Plutoniumin in coral archives: A good 
primary marker for an Anthropocene 
type section
Science of The Total Environment, Volume 
771, 1 June 2021, 145077

E. Klemt, V. Putyrskaya, S. Rollin, J.A. 
Corcho-Alvarado H. Sahli
Radionuclides in sediments of the 
Aare and Rhine river system: Fallouts, 
discharges, depth-age relations, mass 
accumulation rates and transport 
along the river
Journal of Environmental Radioactivity, 
Volume 232, June 2021, 106584

José A. Corcho-Alvarado, Candice 
Guavis, Paul McGinnity, Stefan Röllin, 
Tuvuki Ketedromo, Hans Sahli, Isabelle 
N. Levy, Kalena de Brum, Marc Stauffer, 
Iolanda Osvath, Mario Burger
Assessment of residual radionuclide 
levels at the Bokak and Bikar Atolls in 
the northern Marshall Islands
Science of The Total Environment, Volume 
801, 20 December 2021, 149541

Meyzonnat, G.; Barbecot, F.; Corcho 
Alvarado, J.; Pinti, D.L.; Lauzon, J.-M.; 
McCormack, R.
Depth-Sequential Investigation of Ma-
jor Ions, δ18O, δ2H and δ13C in Fractu-
red Aquifers of the St. Lawrence Low-
lands (Quebec, Canada) Using Passive 
Samplers
Water 2021, 13, 1806

Regula Gosteli
Validierung der Bestimmung stabiler 
Isotope nach Schmelzaufschluss in 
der Radiochemie mittels ICP-OES
LN 2021-01 GOSR

Regula Gosteli
Marktübersicht für die mögliche Neu-
beschaffung eines Pyrolysers oder 
Oxidizers für die Gruppe RCAA
LN 2021-02 GOSR

Adam Kimak
The application of liquid chromatogra-
phy column packed with chelating re-
sin for trapping metals (NUC-21-302)
LN 2021-01 ADK

Nuclear Chemistry Division

Publications11
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Adam Kimak
The potential of chelating resin trap 
column to extract metal content from 
methanol (NUC-21-307)
LN 2021-02 ADK

Adam Kimak
Pilot study to observe ammonia Dyna-
mic Reaction Cell mode ICP-MS analy-
sis, a powerful tool to remove interfe-
rences
LN 2021-03 ADK

Adam Kimak
Methodenvalidierung zur qualitativen 
Phosphonsäure Analytik
LN 2021-04 ADK

Adam Kimak
Phosphonic acids analysis by ion-
chromatography in order to support 
OPCW-PT-50 (NUC-21-045)
LN 2021-05 ADK

Elena Lochner
Validierung eines einstufigen Mikro-
wellen-Totalaufschlusses mittels Tet-
rafluorborsäure (HBF4)
LN 2021-01 LOC

Jasmin Ossola
Methodenvalidierung zur Bestimmung 
der Standard Anionen mittels Ionen-
chromatographie Dionex ICS 6000
LN 2021-01 OSJA

Jasmin Ossola
Revalidierung der Schwermetallbe-
stimmung in Bodenproben nach VBBo
LN 2021-02 OSJA

Stefan Röllin
Bestimmung von Am-241 mittels ICP-
MS
LN 2021-01 ROF

Stefan Röllin
Validierung der Messung von Plutoni-
um-Isotopen in tierischen Proben mit 
ICP-MS
LN 2021-02 ROF

Stefan Röllin
Validierung der Messung von Uran-
Isotopen in tierischen Proben mit ICP-
MS
LN 2021-03 ROF

Stefan Röllin
Validierung der Messung von Plutoni-
um-Isotopen in Vegetationsproben 
mit ICP-MS
LN 2021-04 ROF

Stefan Röllin
Validierung der Messung von Uran-
Isotopen in Vegetationsproben mit 
ICP-MS
LN 2021-05 ROF

Stefan Röllin
Validierung der Messung von Tc-99 in 
Boden- und Sedimentproben mit ei-
nem Sektorfeld ICP-MS (Element XR, 
Element2)
LN 2021-06 ROF

Stefan Röllin
Validierung der Messung von Tc-99 in 
Wasserproben mit einem Sektorfeld 
ICP-MS (Element XR, Element2)
LN 2021-07 ROF

Marc Stauffer
Ringversuchsergebnisse 2020 der 
Prüfstelle STS 0028
LN 2021-01 STM

Cédric von Gunten
Probenahmefehler in Fliessgewässer 
(ToS)
LN 2021-01 VGCE

Publications
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Biology Division

Christian Beuret
In silico Validierung des Inventartrans-
fers von der Software SLIMS zu der 
Software FreezerPro
LN 2021-01 BRC

Mayor J, Torriani G, Olivier Engler, 
Rothenberger S
Identification of Novel Antiviral Com-
pounds Targeting Entry of Hantaviru-
ses
Viruses. 2021 Apr 16;13(4):685

Mayor J, Engler O, Rothenberger S.
Antiviral Efficacy of Ribavirin and Favi-
piravir against Hantaan Virus
Microorganisms. 2021 Jun 15;9(6):1306

Jónsdóttir HR, Bielecki M, Siegrist D, 
Buehrer TW, Züst R, Deuel JW
Titers of Neutralizing Antibodies 
against SARS-CoV-2 Are Independent 
of Symptoms of Non-Severe COVID-19 
in Young Adults
Viruses. 2021 Feb 12;13(2):284

Horn MP, Jonsdottir HR, Brigger D, 
Damonti L, Suter-Riniker F, Endrich O, 
Froehlich TK, Fiedler M, Largiadèr CR, 
Marschall J, Weber B, Eggel A, Nagler M.
Serological testing for SARS-CoV-2 
antibodies in clinical practice: A com-
parative diagnostic accuracy study
Allergy. 2022;00:1-14

Kohler P, Jónsdóttir HR, Risch L, 
Vernazza P, Ackermann-Gäumann R, 
Kahlert CR
No neutralizing effect of pre-existing 
tick-borne encephalitis virus antibo-
dies against severe acute respiratory 
syndrome coronavirus-2: a prospecti-
ve healthcare worker study
Sci Rep. 2021 Dec 17;11(1):24198

Denise Siegrist, Roland Züst, Olivier 
Engler
Validierung der Endpoint RT-PCR für 
den Nachweis und die Identifikation 
von Henipaviren (Nipah und Hendra)
LN 2021-01 ZUET

 Liechti N, Zimmermann RE, Zopfi J, 
Robinson MT, Pierret A, Ribolzi O, 
Rattanavong S, Davong V, Newton PN, 
Wittwer M, Dance DAB
Whole-Genome Assemblies of 16 
Burkholderia pseudomallei Isolates 
from Rivers in Laos
Microbiol Resour Announc. 2021 Jan 
28;10(4):e01226-20

Denise Siegrist, Roland Züst, Olivier 
Engler
Verifizierung der Endpoint RT-PCR für 
den Nachweis und die Identifikation 
von Pockenviren
LN 2021-02 ZUET

Bechtold P, Wagner P, Hosch S, Siegrist 
D, Ruiz-Serrano A, Gregorini M, Mpina M, 
Ondó FA, Obama J, Ayekaba MO, Engler 
O, Stark WJ, Daubenberger CA, 
Schindler T
Rapid Identification of SARS-CoV-2 
Variants of Concern Using a Portable 
peakPCR Platform
Anal Chem. 2021 Dec 14;93(49):16350-
16359

Brigger D, Horn MP, Pennington LF, 
Powell AE, Siegrist D, Weber B, Engler O, 
Piezzi V, Damonti L, Iseli P, Hauser C, 
Froehlich TK, Villiger PM, Bachmann MF, 
Leib SL, Bittel P, Fiedler M, Largiadèr CR, 
Marschall J, Stalder H, Kim PS, Jardetzky 
TS, Eggel A, Nagler M
Accuracy of serological testing for 
SARS-CoV-2 antibodies: First results 
of a large mixed-method evaluation 
study
Allergy. 2021 Mar;76(3):853-865
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Herman EK, Greninger A, van der Giezen 
M, Ginger ML, Ramirez-Macias I, Miller 
HC, Morgan MJ, Tsaousis AD, Velle K, 
Vargová R, Záhonová K, Najle SR, 
MacIntyre G, Muller N, Wittwer M, 
Zysset-Burri DC, Eliáš M, Slamovits CH, 
Weirauch MT, Fritz-Laylin L, Marciano-
Cabral F, Puzon GJ, Walsh T, Chiu C, 
Dacks JB
Genomics and transcriptomics yields 
a system-level view of the biology of 
the pathogen Naegleria fowleri
BMC Biol. 2021 Jul 22;19(1):142

Chemistry Division

Christopher M. Timperley, Jonathan E. 
Forman, Mohammad Abdollahi, Abdullah 
Saeed Al-Amri, Augustin Baulig, Djafer 
Benachour, Veronica Borrett, Flerida A. 
Cariño, Christophe Curty, Michael Geist, 
David Gonzalez, William Kane, Zrinka 
Kovarik, Roberto Martínez-Álvarez, Nicia 
Maria Fusaro Mourão, Slawomir Neffe, 
Syed K. Raza, Valentin Rubaylo, 
Alejandra Graciela Suárez, Koji Takeuchi, 
Cheng Tang, Ferruccio Trifirò, Francois 
Mauritz van Straten, Paula S. Vanninen, 
Slavica Vučinić, Volodymyr Zaitsev, 
Muhammad Zafar-Uz-Zaman, Mongia 
Saïd Zina, Stian Holen, Wesam S. Alwan, 
Vivek Suri, Peter J. Hotchkiss, Mostafa 
Ghanei
Advice on assistance and protection 
provided by the Scientific Advisory 
Board of the Organisation for the Pro-
hibition of Chemical Weapons: Part 3. 
On medical care and treatment of inju-
ries from sulfur mustard
Toxicology, 463, 2021, 152967

Jean-Claude Dutoit, Peter Siegenthaler
Standard Operating Procedures 
(SOPs) for the Verification Analysis of 
Chemical Warfare Agents (CWA) and 
Related Chemicals in Environmental 
and Material Samples (Edition 2021)
LN 2021-03 DUT/SIG

Jean-Claude Dutoit, Andreas Schorer, 
Peter Siegenthaler
Derivatisierung von Cyanid mit 2, 3, 4, 
5, 6-Pentafluorbenzylbromid im Hin-
blick auf die GC-MS Analytik
LN 2021-05 DUT/ANDRS/SIG

Marco Elmiger
Leitfaden zur Durchführung eines 
Hochschulpraktikums in der Gruppe 
Organische Analytik des LABOR SPIEZ
LN 2021-06 ELM

Marco Elmiger, Martin Schär, Peter 
Siegenthaler
Evaluationsbericht zur Beschaffung 
eines LC-HRMS Systems (Ersatzbe-
schaffung AEB 2020)
LN 2021-02 ELM/SCM/SIG

Fausto Guidetti
Überprüfung von Nerve Agent Test Ti-
ckets
LN 2021-01 GIF

Fausto Guidetti
Überprüfung von Nerve Agent Test Ti-
ckets
LN 2021-04 GIF
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CBRNe Protection Systems Division

Beat Aebi
CBRNE Monitoring: Zusammenfas-
sung des Jahres 2020
LN 2021-01 AEB

Reto Augsburger
Referenzmaterialien für Kampstoffbe-
ständigkeitsprüfungen
LN 2021-01 AURE

Reto Augsburger
Leitfähigkeitsprüfeinrichtung NG 
Pflichtenheft Software
LN 2021-02 AURE

Reto Augsburger
Leitfähigkeitsprüfeinrichtung NG Leit-
fähigkeitssensor – Evaluation, Be-
schaffung und Erprobung
LN 2021-03 AURE

Lorenz Brenner
Druckverlustmessungen an Explosi-
onsschutzventilen auf dem Prüfstand 
«AIRFLUX» der STS 0055
LN 2021-01 BL

Lorenz Brenner
Explosionswirkungen – Druckstoss-
ausbreitung im urbanen Raum. Metho-
dik zur räumlichen Visualisierung von 
Gebäude- und Personenschäden un-
ter Anwendung von Druck-Impuls-
Schadenskurven
LN 2021-02 BL

Lorenz Brenner, Christian Jenni, Flurin 
Guyer, Patrick Stähli, Robert Eberlein, 
Matthias Huber, André Zahnd, Martin 
Schneider, Frank Tillenkamp
Analysis of pressure drop and blast 
pressure leakage of passive air blast 

Fausto Guidetti
Überprüfung von C-Nachweisgeräten 
– 2021
LN 2021-05 GIF

Marco Hofer
Inbetriebnahme und Validierung MINI-
CAMS
LN 2021-01 HOM

Roland Kurzo
Diphenylarsenverbindungen Clark I, 
Clark II & Adamsit
LS 2021-01 KURO

Benjamin Menzi
Notfallübungen im C-Sicherheitslabor 
und Weiterbildung des Rettungsdiens-
tes im Rahmen der Sicherheit auf dem 
Gelände des ABC-Zentrums
LN 2021-02 MEN

Andreas Schorer, Peter Siegenthaler
Evaluationsbericht zu WTO-Beschaf-
fung eines GC-HRMS Systems
LN 2021-01 ANDRS/SIG

Andreas Schorer, Thomas Clare, Peter 
Siegenthaler
Validierung des Agilent 8890/7250 
GC-QTOF-HRMS Systems (QTOF7250) 
LN 2021-07 ANDERS/CLA/SIG

Peter Siegenthaler, Andreas Schorer, 
Martin Schär
Standard Operating Procedures 
(SOPs) for the Verification Analysis of 
Chemical Warfare Agents (CWA) and 
their Biomarkers in Biomedical Sam-
ples (Edition 2021)
LN 2021-04 SIG/ANDERS/SCM
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safety valves: An experimental and nu-
merical study
Journal of Loss Prevention in the Process 
Industries, Vol. 75 (2022) 104706

Thomas Friedrich
Zugversuch Kunststoffe DIN EN ISO 
527
LN 2021-01 FTO

Thomas Friedrich
Leitfähigkeitsprüfeinrichtung NG 
Konstruktionsbeschrieb Messzelle 
aus Stahl
LN 2021-02 FTO

Thomas Friedrich
Druckverformungsrest DIN ISO 815-1
LN 2021-04 FTO

Christian Gloor
Industriefluchthaube PARAT® 4720 
von Dräger. Werkstofftechnische Un-
tersuchung und Dichtsitzprüfung
LN 2021-01 GLOC

Christian Gloor
Fluchthaube NH15TM von Avon Pro-
tection. Werkstofftechnische Unter-
suchung und Dichtsitzprüfung
LN 2021-02 GLOC

Delaloye Jean-Romain, Vernez David, 
Suarez Guillaume, de Courten Damien, 
Zingg Walter, Perret Vincent, Metzger 
César M.J.A., Richner Gilles
Distribution of low quality filtering fa-
cepiece respirators during the CO-
VID-19 pandemic: an independent ana-
lysis of the situation in Switzerland
Swiss Medical Weekly. 2021;151:w20459

Gilles Richner
Keeping SARS-CoV-2 out: Vaccines, 
Filters, and Self-disinfecting Textiles
Universities of Applied Sciences Chima, 
2021 June 15

S. Tschudin Sutter, G. Richner, D. Jordi, P. 
Wick, R. Rossi, A. Mortensen, W. Zingg, 
D. Decourten, J-R. Delaloye
Considerations regarding the manda-
tory use of FFP masks for the general 
population
Swiss National COVID-19 Science Task 
Force (NCS-TF), 2021 January 19 – Policy 
Brief

Johann Stalder
Validierung der Messkette für die 
«12-Tonnen Horizontal-Schockprüf-
maschine HOSPA»
LN 2021-01 SJ

Andreas Wittwer, Gilles Richner
Übersicht zur Ermittlung und Angabe 
der Messunsicherheit in der Prüfstel-
le STS 0022
LN 2021-01 GRIC

Andres Wittwer, Gilles Richner
Kontrollprobenmessung auf der Sorp-
tionsprüfanlage für grosse Filter (GRO-
FISPA)
LN 2021-02 GRIC

André Zahnd
Projekt Strategie Schutzbauten. Le-
bensdauer und Ersatz von Schutzbau-
komponenten und -systemen
LN 2021-01 ZAAN

David Denzler, Patrick Stähli, André 
Zahnd, Frank Tillenkamp
Forschungsprojekt: 353009949: Be-
völkerungsschutzrelevante Druck-
stossausbreitung. Jahresbericht 2021 
zu Arbeitspaket 1
LN 2021-03 ZAAN

Patrick Stähli, André Zahnd, Frank Tillen-
kamp
Forschungsprojekt Nr. 353009949: 
Bevölkerungsschutzrelevante Druck-
stossausbreitung. Jahresbericht 2021 
zu Arbeitspaket 3
LN 2021-04 ZAAN
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Courcol JD, Invernizzi CF, Landry ZC, 
Minisini M, Baumgartner DA, Bonhoeffer 
S, Chabriw B, Clerc EE, Daniels M, Getta 
P, Girod M, Kazala K, Markram H, 
Pasqualini A, Martínez-Pérez C, 
Peaudecerf FJ, Peaudecerf MS, Pfreundt 
U, Roller BRK, Słomka J, Vasse M, 
Wheeler JD, Metzger CMJA, Stocker R, 
Schürmann F.
ARC: An Open Web-Platform for Re-
quest/Supply Matching for a Prioriti-
zed and Controlled COVID-19 Res-
ponse
Frontiers in Public Health. Vol 9, Art 
607677. 2021 February 16

Delaloye Jean-Romain, Vernez David, 
Suarez Guillaume, de Courten Damien, 
Zingg Walter, Perret Vincent, Metzger 
César M.J.A., Richner Gilles
Distribution of low quality filtering fa-
cepiece respirators during the CO-
VID-19 pandemic: an independent ana-
lysis of the situation in Switzerland
Swiss Medical Weekly. 2021;151:w20459

Metzger, C.M.J.A., Steinlin, C., Feuz, P., 
Muggli, S., Bucher, A., Schläpfer, O., 
Schulze, T., Cadisch, M.
Auslegeordnung ABC-Schutz Schweiz: 
Bericht 1 – Situation und Defizite aus 
Sicht der Akteure

Appelt S, Rohleder AM, Invernizzi C, 
Mikulak R, Brinkmann A, Nitsche A, 
Krüger M, Dorner MB, Dorner BG, Scholz 
HC, Grunow R.
Strengthening the United Nations Se-
cretary-General’s Mechanism to an 
Alleged Use of Bioweapons through a 
Quality-Assured Laboratory Response
Nature Communications. Vol 12, Art 3078. 
2021 May 27

Invernizzi C.
Epidemics and Pandemics: The Role of 
Swiss Research Centres
DCAF – The Security Sector and Health 
Crises, edited by Albrecht Schnabel and 
Ilona Kickbusch, First edition: March 2021, 
Part III, Chapter 9, 213-218

Christoph Wirz
IPNDV: MOX Messungen in Belgien
LN 2021-01 WIC

Christian Jenni, Mirco Ganz, Sven Düzel, 
Tim Altorfer, Lorenz Brenner, André 
Zahnd, Frank Tillenkamp
Forschungsprojekt Nr. 353009949: 
Bevölkerungsschutzrelevante Druck-
stossausbreitung. Jahresbericht 2021 
zu Arbeitspaket 4
LN 2021-05 ZAAN
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Bundesamt für Bevölkerungsschutz. 
30.03.2021

Muggli, S., C.M.J.A. Metzger
Übersicht über die Ausbildungen im 
ABC-Schutz in der Schweiz
Hrsg. Eidg. Kommission für ABC-Schutz, 
3700 Spiez

Reto Lienhard, César M. J. A. Metzger, 
Jonas Sieber, Michael Bel, Lorenz Risch, 
Gilbert Greub, Laurent Kaiser, Adrian Egli
What does the UK variant tell the clini-
cal microbiologists?
pipette - Swiss Laboratory Medicine 
March 2021

Ana Rita Goncalves Cabecinhas, Tim 
Roloff, Madlen Stange, Claire Bertelli, 
Michael Huber, Alban Ramette, Chaoran 
Chen, Sarah Nadeau, Yannick Gerth, 
Sabine Yerly, Onya Opota, Trestan 
Pillonel, Tobias Schuster, Cesar M.J.A. 
Metzger, Jonas Sieber, Michael Bel, 
Damir Perisa, Nadia Wohlwend, Christian 
Baumann, Michel C. Koch, Pascal Bittel, 
Karoline Leuzinger, Myrta Brunner, 
Franziska Suter-Riniker, Livia Berlinger, 
Kirstine K. Søgaard, Christiane 
Beckmann, Ingrid Steffen, Helena M.B. 
Seth-Smith, Alfredo Mari, Reto Lienhard, 
Martin Risch, Oliver Nolte, Isabella 
Eckerle, Gladys Martinetti Lucchini, 
Emma B. Hodcroft, Richard A. Neher, 
Tanja Stadler, Hans H. Hirsch, Stephen 
L. Leib, Lorenz Risch, Laurent Kaiser, 
Alexandra Trkola, Gilbert Greub, Adrian 
Egli
SARS-CoV-2 N501Y Introductions and 
Transmissions in Switzerland from Be-
ginning of October 2020 to February 
2021 – Implementation of Swiss-Wide 
Diagnostic Screening and Whole Ge-
nome Sequencing
Microorganisms 2021, 9, 677

Metzger C.M.J.A., Reto Lienhard, Helena 
M. B. Seth-Smith, Tim Roloff, Fanny 
Wegner, Jonas Sieber, Michael Bel, 
Gilbert Greub, Adrian Egli
PCR performance in the SARS-CoV-2 
Omicron variant of concern?
Swiss Medical Weekly. 2021;151:w30120

Schläpfer, O., Willi, C., Blaser, L., Schulze, 
T., Basler, B., C.M.J.A. Metzger
Vergleich nationaler und internationa-
ler Strategien und Planungen: Grund-
lagen für die Erarbeitung der Strategie 
«ABC-Schutz Schweiz» 2019
Hrsg. Eidg. Kommission für ABC-Schutz, 
3700 Spiez

Solveig Muggli, César Metzger
Die Position der ABC-Koordinatoren - 
Eine Analyse ihrer institutionellen Po-
sition im Vergleich zur ursprünglichen 
Idee aus der «Umsetzungshilfe Strate-
gie ‹ABC-Schutz Schweiz› auf Stufe 
Kanton»
LN 2021-01 MCES/MUGS
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Accredited laboratories
Participation in External Quality Assurance (EQA) Exercises October 2020 - 
September 2021

Test Centre Number Type/Partner

STS 0019

Testing laboratory for the analysis of samples for the presence of chemical warfare 
agents and related compounds

0

Due to successfully completed OPCW off-site analysis orders and the correct
analysis of the control samples supplied, Spiez Laboratory was exempted by the
OPCW from participation in the OPCW Proficiency Tests in 2020 and was able to
secure OPCW designation for 2020-21.

STS 0022

Testing laboratory for adsorbents and breathing apparatus filters

0 No EQA Exercises

1
Internal control sample measurement on the sorption test rig for large filters
(GROFISPA)

STS 0028

Testing laboratory for the determination of radionuclides and elemental analysis

8

	– International Soil Exchange ISE – University of Wageningen
	– Potable water – Ielab
	– Sea water – Ielab
	– Potable water – AQS
	– PT ALMERA – IAEA
	– PT Seawater RML – IAEA
	– PT IRA/FOPH
	– In-situ Gamma spectrometry comparative measurement FOPH / NEOC

STS 0036

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

11

	– Melt mass-flow rate on moisture sensitive materials
	– DSC method – Oxidation Induction Time OIT
	– Wall thickness measurement of polymer pipes
	– Tensile testat 80 °C
	– Density from solids
	– Water content of from polymer pellets
	– Compression test of polymers
	– Strip method on textiles
	– Resistance to ozone cracking
	– Shore A hardness test
	– Rebound resilience

1 Measurement of the resistance to chemical warefare agents by means of
indicator paper method using the camera system KS-2/6, i.e. comparative
measurements with the Bundeswehr Research Institute for Protective
Technologies and CBRN Protection (WIS) in Munster, Germany

18
Type or identification tests on rubber profiles/moulded parts made of
compounds with BZS approval on behalf of the FOCP’s Certification Office
for protective components.

12
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Accredited laboratories

Test Centre Number Type/Partner

STS 0054

Testing laboratory for the detection of biological agents

5 Drinking water analysis

3
Detection by molecular methods Bacteriology :
SHARP : B. anthracis, Brucella spp., Burkholderia, Francisella tularensis., Yersinia
pestis ; INSTAND: B. anthracis, F. tularensis, C. burnetti, Brucella spp., Borrelia

3

Detection by molecular methods Virology : UNSGM
- UNSGM : SARS-CoV-2
- WHO: EQA SARS-CoV-2
- SHARP RG 4 viruses

1 Serological detection methods : INSTAND Hanta viruses

2
Detection methods Toxins :
- EuroBioTox In-Situ PT1 : Field Detection of Ricin, Abrin, Botulinum toxin
- SEB EuroBioTox Ricin PT2 : Ricin

STS 0055

Testing laboratory for NBC protective material as well as equipment and 
installations for use in protective structures

1 Pressure loss measurements on protective valves
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Marc Cadisch

NBC ARMS CONTROL
Cédric Invernizzi

NBC COORDINATION
César Metzger

PLANNING AND MANAGEMENT
Kurt Münger

SPIEZ LABORATORY

NUCLEAR CHEMISTRY

Mario Burger

RADIOACTIVITY

Stefan Kradolfer

RADIOCHEMISTRY
AND INORGANIC

ANALYSIS

Marc Stauffer

RADIATION
PROTECTION
AND MOBILE
DETECTION

Markus Zürcher

CHEMISTRY

Stefan Mogl

DETECTION AND
DECONTAMINATION

Josha Albrecht

ANALYTICAL
CHEMISTRY

Peter Siegenthaler

ORGANIC
CHEMISTRY

Christophe Curty

CBRNE
PROTECTION SYSTEMS

Daniel Jordi

INCIDENT RESPONSE
AND INDIVIDUAL

PROTECTION

Gilles Richner

COLLECTIVE
PROTECTION

André Zahnd

MATERIAL TESTING

Thomas Friedrich

LOGISTICS, QUALITY,
SAFETY AND SECURITY

Mauro Zanni

MANAGEMENT
SUPPORT

Felicitas Jegher

TECHNICAL
SERVICES

Daniel Gurtner

MATERIAL
MANAGEMENT,

FINANCES,
CONTROLLING

Alexander Werlen

MEASUREMENT
TECHNOLOGY AND 

LABORATORY IT

Matthias Indermühle

BIOLOGY

Isabel Hunger-Glaser

BIOSAFETY AND
ENGINEERING

CONTAINMENT
LABORATORY

Benjamin Weber

DIAGNOSTICS AND
REFERENCE
FUNCTIONS1

Kristina Schmidt
1. Specialist FAMH 

Katia Jaton

RESEARCH AND
ANALYSIS OF HIGHLY

PATHOGENIC AGENTS

Olivier Engler

PROTEOMICS,
BIOINFORMATICS

AND TOXINS

Matthias Wittwer

As of May 2022


