
4. Basic knowledge of Lab 

Safety

Topics: 

 How must a laboratory be built and organized? 

 The GHS Symbols

 Biological hazard



The most important «tool» for the laboratory manager!

How must a laboratory be built and organized?

In the FCOS policies you can find out how a laboratory has to be built and organized.



The Federal Coordination Commission for Occupational Safety FCOS is the

central information and coordination office for safety and health at work. It

coordinates the preventive measures, the tasks in the execution and the uniform

application of the rules. Their decisions are binding.

EKAS



Guidelines of FCOS for the Occupational Safety

Flammable liquids

liquid gas

Examples of policies of FCOS (EKAS)

and so on



and so on

explosion protection

work equipment Workplace

Explosion protection measures

Regulations for 

equipment and 

protective systems 

in potentially 

explosive areas

Rules for the prevention 

of accidents and 

occupational diseases



Proper lab infrastructure: Essential to minimize risks when working with 

dangerous chemicals (see also the FCOS Policies).

Fume 

hoods

good and stable media supply

Biosafety cabinets
safety cabinets



Important for the safety organization: Safety rules, safety infrastructure 

and materials for personal protection.

Goggles

Respiratory protection

Appropriate gloves Lab Coat

Emergency niches

access control



The safety and environmental manual for the HCI version 2020 is for all employees 

and students online available on our website; link: www.su-management.ethz.ch

Note: The complete edition of the

Safety and Environmental

Manual for the HCI version 2024

will no longer be printed. Instead,

all employees and students will

receive a printed abridged

version (= pocket book brochure)

containing the QR code to the

complete online version on our

website.



Safety Lecture Examination

The Safety Lecture exam is mandatory for all persons working in laboratories,

and for all assistants working in the practical labs at the HCI. The Safety Lecture

exam (either in German or English) must be taken under supervision and passed

by all persons, including doctoral students, postdocs, assistants, but also visiting

scientists, who work in laboratories and intend to work with chemicals and

biologically active substances. This does not apply to staff in the administration

and service units, or all students. The Safety Lecture exam contains 10 questions

(random generator), which must be answered in free text in a maximum of 30

minutes.



Status März 2024:  > 2000 Safety Lecture Exam were completed!

14 out of 20 points are required to pass the Safety Lecture exam. The

following statistic prove that the exam is neither too difficult nor too easy.

Safety Lecture Exam in German



Safety Lecture Exam in English



The GHS symbols



GHS - Globally Harmonized System for the Classification and Labeling of 

Chemicals

The GHS is an internationally agreed-upon standard managed by the United

Nations that was set up to replace the assortment of hazardous material

classification and labelling schemes previously used around the world. GHS is

not legally binding. It has to be implemented by states into national law. In

Switzerland, the implementation takes place in several steps by amending

existing regulations. Since January 20, 2009, chemicals for industrial and

industrial use in Switzerland may be classified and labeled according to GHS.

The GHS contains in particular:

 Criteria for the classification and labeling of chemical substances and 

mixtures

 Elements communicating the dangers of substances and mixtures.

The GHS Symbols



Current status of GHS implementation worldwide



The United Nations

Economic Commission for

Europe, abbreviated

UNECE, also UN/ECE, in

short also ECE, is one of

five regional commissions

of the Economic and

Social Council of the

United Nations, whose

main objective is to

promote pan-European

economic integration

Responsible authority

The United Nations Economic 

Commission for Europe 

(UNECE)



The EU has implemented the GHS with the CLP Regulation

The CLP Regulation (for Classification, Labelling and Packaging is

a European Union regulation from 2008, which aligns the European

Union system of classification, labelling and packaging of chemical substances

and mixtures to the Globally Harmonized System.

It is expected to facilitate global trade and the harmonized communication of

hazard information of chemicals and to promote regulatory efficiency.

The regulation requires companies to appropriately classify, label and package

their substances and mixtures before placing them on the market. It aims to

protect workers, consumers and the environment by labelling that reflects a

particular chemical's possible hazards.



EUR-Lex is a legal information system that provides immediate and free access to

the legislation of the European Union.



REACH (for the protection of human health and the environment)

Registration, Evaluation, Authorizations and Restriction of Chemicals (REACH)

is a European Union regulation dating from 18 December 2006. REACH

addresses the production and use of chemical substances, and their potential

impacts on both human health and the environment.

One of the major elements of the REACH regulation is the requirement to

communicate information on chemicals up and down the supply chain. This

ensures that manufacturers, importers, and also their customers are aware of

information relating to health and safety of the products supplied. Having

detailed information on the substances present in their products will allow

retailers to work with the manufacturing base to substitute or remove potentially

harmful substances from products.



ECHA (European Chemicals Agency) is an

EU authority that regulates the technical,

scientific and administrative aspects of the

registration, evaluation and authorization of

chemicals in accordance with the Regulation.





GHS in Switzerland

With the publication of the Chemicals Ordinance (ChemO) of 14 January 2009,

the Federal Council has taken a first step towards the introduction of the GHS in

Switzerland. Since 1 February 2009, chemicals (substances and preparations)

may be placed on the market in Switzerland for professional use if they have

been classified, labeled and packaged in accordance with the rules of the CLP

Regulation. In doing so, Switzerland avoids barriers to trade in cross-border

trade in chemicals. The existing high level of protection when handling chemical

products is maintained.





GHS pictograms - 9 hazard symbols and 

their meaning



Why are there only 9 GHS symbols?

Why not 2 more GHS symbols such as

biohazard or radioactivity?

The GHS concept mainly regulates the

system of chemicals Classification,

Labelling and Packaging on a global

level. The biological hazards, radiation

protection, etc. are other regulatory

systems.



Signal Words

Danger / Gefahr – more severe hazards

Warning / Achtung – less severe hazards



Hazard class

The GHS describes the nature and severity of a chemical hazard by hazard 

class and hazard category:

For hazardous substances, the GHS hazard class indicate the type of physical 

hazard, human health hazard, or environmental hazard.

Examples of hazard classes:

Flammable gases (including chemically unstable and pyrophoric gases)

Hazard class



Gases under pressure

Flammable liquids

Further examples of hazard classes (Gefahrenklasse)



Serious eye damage/eye irritation

Carcinogenicity



https://de.wikipedia.org/wiki/Gefahrenklasse

Hazard classes for the environmental hazard

Note: There are two GHS pictograms for environmental hazard!

Water hazard short terms (acute)

Water hazard long-term (chronic)

Ozone layer harmful



Always be 

informed about 

updates and 

changes!



The categorization - Two examples

The GHS hazard category is the subdivision of the criteria within each hazard 

class. For example, the flammable liquids hazard class can be divided into 4 

categories, with category 1 for flammable liquids being the greatest hazard.

Hazard category



Example of categorization for Flammable liquids:

The flash point (FP) of a material is the "lowest

liquid temperature at which, under certain

standardized conditions, a liquid gives off vapours in

a quantity such as to be capable of forming an

ignitable vapour/air mixture"

Boiling point (BP): The temperature at which the

vapor pressure of a liquid equals the ambient

pressure.



Toxic

Acute Toxicity (Oral/Dermal/Inhalation): oral (ingestion by mouth), dermal (skin) or 

inhalation (inhalation) by gases/vapors/dust 

The categorization with the LD50 values (= abbreviation for "lethal dose of a toxin,

radiation, or pathogen is the dose required to kill half the members of a tested population

after a specified test duration).



Example of categorization Acute toxicity, oral:





 Skin Corrosion/Irritation

o Categories 1A, 1B, 1C (severe skin burns and eye damage)

o Category 2 (skin irritation)

 Serious Eye Damage/Eye Irritation

o Category 1 (serious eye damage)

o Category 2 (severe eye irritation)

 Respiratory or Skin Sensitization - inhalation allergens - skin allergen

 Germ Cell Mutagenicity

o Category 1A (Substances known to cause inheritable mutations in germ cells of 

humans)

o Category 1B (substances with high probability)

o Category 2 (substances with a potential)

 Carcinogenicity

o Category 1A (Substances known to have carcinogenic potential for humans) 

o Category 1B (Substances presumed to have carcinogenic potential for humans) 

o Category 2 (Suspected human carcinogens)

 Reproductive Toxicology

 Target Organ Systemic Toxicity - Single Exposure

 Target Organ Systemic Toxicity - Repeated Exposure

 Aspiration Toxicity

The meaning of the category labels



H200 – Unstable explosives.

H201 – Explosive; mass explosion hazard.

H202 – Explosive, severe projection hazard.

H203 – Explosive; fire, blast or projection hazard.

H204 – Fire or projection hazard.

and so on

Hazard statements (H statements)



P101 – If medical advice is needed, have product container or label at hand.

P102 – Keep out of reach of children.

P103 – Read label before use.

P201 – Obtain special instructions before use.

P202 – Do not handle until all safety precautions have been read and

understood.

P210 – Keep away from heat/sparks/open flames/hot surfaces — No smoking.

Precautionary statements (P statements)

and so on





International Placards for the Transportation of Dangerous Goods

Hazardous 

substances: 

The hazard arises 

during manufacture, 

storage or use. 

Dangerous 

goods: 

These are only those 

substances that pose 

a danger during 

transport of some 

kind.



Apart from the GHS symbols, there are many others to consider.

Note: Many old safety sign symbols (e.g. Fire, Prohibition, Hazard) were replaced.



US chemical hazard diamond

The US-based National Fire Protection Association (NFPA) has a standard NFPA

704 using a diamond with four colored sections each with a number indicating severity 0 -

4 (0 for no hazard, 4 indicates a severe hazard). The red section denotes flammability.

The blue section denotes health risks. Yellow represents reactivity (tendency to explode).

The white section denotes special hazard information.



Something is wrong here. Can you see it?



In the Safety Data Sheet of ammonia,

it is less toxic in the USA (category 4,

GHS symbol exclamation mark) than

in Europe (category 3, GHS symbol

skull and crossbones!

Something is wrong here. Can you see it?



BSL = Biosafety level

Biological hazard



The organisms are divided into four groups. The classification is based on the risk they

pose according to the current state of scientific knowledge, i.e. the harmful properties

and the probability that these will have an effect.

The groups are described as follows:

Group 1: Organisms that have no or negligible risk (e.g., genetically non-pathogenic

E.coli strains).

Group 2: Organisms that pose a low risk (e.g., human rhinoviruses).

Group 3: Organisms that pose a moderate risk (e.g., Salmonella typhi, HIV).

Group 4: Organisms that pose a high risk (e.g. Ebola).

When handling organisms of groups 1 - 4, biological laboratories are classified

analogously into safety levels L1 - L4.

The Regulation on the Protection of Workers against Risks from Microorganisms (SAMV)

specifies the measures that must be taken to protect personnel when handling and being

exposed to microorganisms. In addition, the regulations of the «Einschliessungs-

verordnung (ESV)» must be observed in the case of genetically modified, pathogenic and

invasive organisms.



Specific considerations for a BSL-1 laboratory include the following:

 Standard microbiological practices are followed.

 Work can be performed on an open lab bench or table.  

 Safety equipment.

 Personal protective equipment, (lab coats, gloves, eye protection) are worn as needed.

 Facility construction.

 A sink must be available for hand washing.

 The lab should have doors to separate the working space with the rest of the facility.

This level is for work with minimal potential hazard to

laboratory personnel and the environment.



Escherichia coli also known as E.

coli) is a Gram-negative, facultatively

anaerobic, rod-shaped bacterium of

the genus Escherichia that is

commonly found in the lower

intestine of warm-blooded organisms

(endotherms).

Most E. coli strains are harmless, but

some serotypes can cause

serious food poisoning in their hosts,

and are occasionally responsible

for product recalls due to food

contamination.

An example of a microbe that is typically worked with at a BSL-1 is a

nonpathogenic (= a nonpathogenic microbe is one that is not capable of causing

disease) strain of E. coli.



This level is for work with moderate potential hazard

to personnel and the environment. It includes various

bacteria and viruses that cause only mild disease to

humans.



In addition to BSL-1 considerations, BSL-2 laboratories have the following containment

requirements:

 Access to the laboratory is restricted when work is being conducted.

 Safety equipment: Appropriate personal protective equipment (PPE) is worn, including lab 

coats and gloves. Eye protection and face shields can also be worn, as needed.

 All procedures that can cause infection from aerosols or splashes are performed

within a biological safety cabinet (BSC).

 An autoclave or an alternative method of decontamination is available for proper 

disposals.

 Facility construction: The laboratory has self-closing doors. A sink and eyewash are

readily available. There is a facility for personal decontamination in the work area.



Staphylococcus aureus is a gram-positive coccal bacterium that is a member of

the Firmicutes, and is frequently found in the respiratory tract and on the skin.

S. aureus is not always pathogenic, it is a common cause of skin infections such

as abscesses, respiratory infections such as sinusitis, and food poisoning.

An example of a microbe that is typically worked with at a BSL-2 laboratory

is Staphylococcus aureus.



This level is for work, which may cause serious or potentially

lethal disease after inhalation. It includes various bacteria,

parasites and viruses that can cause severe to fatal disease in

humans but for which treatments exist.



In addition to BSL-2 considerations, BSL-3 laboratories have the following

containment requirements: 

 Laboratorians are under medical surveillance and might receive immunizations

for microbes they work with.

 Access to the laboratory is restricted and controlled at all times.

 Safety equipment: Appropriate PPE must be worn, 

and respirators might be required. All work with microbes

must be performed within an appropriate BSC.

 Facility construction: The work area is spatially separated 

from other areas. Access to the work area must be through 

an airlock (separate room). There is a device for personal 

decontamination in the work area. There is a negative 

atmospheric pressure in the work area compared to the 

immediate surroundings. Supply and exhaust air to the work 

area is filtered by HEPA filters. There is a device for the 

inactivation of microorganisms in the outflow of sinks, pipes 

and showers.



Severe acute respiratory syndrome (SARS) is

a viral respiratory disease of zoonotic origin

caused by the SARS coronavirus (SARS-CoV).

Between November 2002 and July 2003, an

outbreak of SARS in southern China caused an

eventual 8096 cases and 774 deaths reported in

multiple countries with the majority of cases in

Hong Kong (9.6% fatality rate) according to

the World Health Organization (WHO). Within

weeks, SARS spread from Hong Kong to infect

individuals in 37 countries in early 2003. It then

was eradicated by January the following year.

Two examples of microbes worked with in a BSL-3 laboratory

is Mycobacterium tuberculosis (the bacteria that causes tuberculosis)

and SARS coronavirus.



Currently in the headlines is the Corona Virus. 



This level is for work with dangerous and exotic agents

that pose a high individual risk of aerosol-transmitted

laboratory infections, agents which cause severe to fatal

disease in humans for which vaccines or other treatments

are not available.



Personnel change clothes before entering, and when leaving they must shower (a 

special sluice system). All materials are decontaminated before leaving.

Safety equipment: All work with the microorganisms must be carried out in a suitable 

biosafety cabinet BSC Class III (= a gas-tight sealed container designed for handling 

objects, hazardous substances or pathogens of infectious diseases). Class III BSCs 

have a HEPA-filtered air supply and a double HEPA-filtered exhaust. They provide 

the ultimate protection for personnel, product and the environment, or by wearing an 

air-supplied full-body positive pressure suit.

Facility construction: The laboratory is located in a separate building or in an 

isolated and confined area of the building. The laboratory has its own supply and 

exhaust air as well as vacuum lines and decontamination systems.



Each species of the genus Ebolavirus has one

member virus, and four of these cause Ebola

virus disease (EVD) in humans, a type

of hemorrhagic fever having a very high case

fatality rate; the fifth, Reston virus, has caused

EVD in other primates. Zaire ebolavirus is

the type species (reference or example species)

for Ebolavirus, and has the highest mortality rate

of the ebolaviruses, and is also responsible for

the largest number of outbreaks of the five

known members of the genus, including

the 1976 Zaire outbreak and the outbreak with

the most deaths (2014).

Two examples of microbes worked with in a BSL-4 laboratory include

Ebola and Marburg viruses.



Ethidium bromide, also known as ethidium bromide, is a red phenanthridine

dye used in molecular biology for the detection of nucleic acids, DNA and RNA.

EtBr is classified as highly mutagenic, possibly carcinogenic or

teratogenic. EtBr is very toxic when inhaled, especially in crystalline form, and

it is also easily absorbed through the skin.

For Bio Scientists: What is Ethidium bromide (EtBr)? 



Physics & Laser Labs

Traditionally, physics is divided into five content areas: Mechanics, Heat Theory

or Thermodynamics, Electricity Theory or Electrics, Optics, and Atomic and

Nuclear Physics.



Definition Laser:

Lasers (Light Amplification by Stimulated Emission of Radiation) are sources of

radiation for coherent, quasi-monochromatic and sharply focused radiation in the

visible and adjacent regions of the electromagnetic spectrum (far infrared, infrared,

ultraviolet and X-rays). In principle, every laser consists of three components: First,

an active laser medium, by which the properties of the laser are largely

determined, e.g., a gas, a crystal, or a diode. Second, a pump mechanism that

supplies energy to the laser medium, e.g., a flash lamp or an electrically driven gas

discharge. Third, a laser resonator, a system of mirrors and other optical elements

that provides feedback and thus induced emission of the radiation. Depending on

the special design and the choice of components, there is a whole range of

different types of lasers, which differ mainly in the achievable powers (between a

few microwatts and many kilowatts) and frequency characteristics.



Operators of Class 3B or 4 laser equipment must appoint a laser protection

officer in writing and must take suitable measures to ensure that no one can be

exposed to unauthorized radiation even in areas with openly accessible laser

radiation, i.e. that no one is exposed to laser radiation in excess of the maximum

permissible radiation. As a rule, this protection goal can only be achieved if such

laser areas are separated by structural measures and monitored in such a way

that they can only be entered by authorized persons with the necessary

protective equipment.

Laser laboratories are marked with laser warning lamps. If laser equipment is

in operation, the laser warning lamp in front of the laboratory room is illuminated.

Laser laboratories in operation may only be entered with the laser protection

officer.



Lightsaber with over 2,200 degrees Celsius

The construction of "the Hacksmith" does not consist directly of light, but of an

extremely hot flame of propane gas and oxygen, which is kept in shape by a laminar

flow nozzle. This means that the substances do not spread uncontrollably through

the room, but instead form a burning jet that ends up looking like a lightsaber. And

this blade of fire is really something: At over 2,200 degrees Celsius, the "lightsaber"

melts all kinds of materials - even steel doors!

New technologies and associated new dangers and risks are 

appearing at ever shorter intervals!


