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1. INTRODUCTION 
 

 

Within the Health&Safety course which you took during the first year of your studies you learned 

about the basic principles of safe work in laboratories. As you have progressed to the second year 

you need to expand your knowledge in health and safety. If we sum up the topics covered in the first 

year, you will remember that we talked about:  

 Laboratory safety rules, 

 Personal protection equipment, 

 Laboratory hazards, 

 Procedures in case of accidents (injuries, fire, spill), 

 Labelling of hazardous substances, 

 Activating a fire extinguisher. 

 

The programme of the second year includes topics on: flammable substances, their hazards and 

procedures for safe work. During laboratory work you will frequently use organic solvents and other 

volatile compounds, the vapours of which, if combined with the air, form explosive mixtures. Some 

organic solvents may be poisonous (carcinogens, teratogenes, mutagens, or toxic for reproduction). 

With all these hazardous properties in mind, the focus of the health and safety training course in the 

second year will be on hazardous chemical. You will learn about the following:  

 Flammable chemicals, 

 Poisonous chemicals, 

 Respiratory protection. 

 

 

Classification of hazardous substances: 

According to the Chemicals Act (Official Gazette of RS, No. 110/2003) hazardous substances are 

divided into the following groups:  

1. explosives; 

2. oxidising agents; 

3. extremely flammable chemicals; 

4. highly flammable chemicals; 

5. flammable chemicals; 

6. extremely poisonous chemicals; 

7. poisonous chemicals; 

8. harmful chemicals; 

9. corrosives; 

10. irritants; 

11. sensitizing agents; 

12. carcinogens; 

13. mutagens; 

14. toxic for reproduction; 

15. dangerous for the environment. 

 

During this course you will learn about the health and safety risks in handling with these materials, 

particularly the materials that have been printed in bold in the text above. 
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2. FLAMMABLE CHEMICALS  
 

 

Flammable chemicals can easily ignite and form explosive mixtures in contact with the air. 

According to the Chemicals Act
1
 these chemicals are further divided into three groups:  

1. Extremely flammable chemicals; 

2. Highly flammable chemicals; 

3. Flammable chemicals. 

 

 

1. Extremely flammable chemicals are: 

a) liquids with extremely low flash point and boiling point,  

b) gaseous substances, which ignite in contact with the air or room temperature or under pressure.  

 

2. Highly flammable chemicals are: 

a) chemicals which heat up in contact with the air and self ignite at room temperature and pressure 

without supplying external energy,  

b) solids, which ignite immediately upon contact with the source of ignition, and keep burning also 

after the source has been removed,  

c) liquids with very low flash point,  

d) chemicals which release flammable gases in contact with water or its vapours. 

 

3. Flammable chemicals are chemicals with a low flash point. 

 

Classification of flammable substances by flash point: 

 

 

 

Group 

 

 

 

 

Flash point 

I. Extremely flammable  below 38 
o
C 

II. Highly flammable  from 38 
o
C to 60

 o
C  

III. Flammable  above 60
 o
C 
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2.1  HAZARDS IN WORKING WITH FLAMMABLE CHEMICALS 
 

In working with flammable materials we distinguish between two groups of hazards:  

1. Flammable materials can easily ignite. Fire spreads quickly, and easily leads to explosion – 

BLEVE (boiling liquid expanding vapour explosion). During combustion there is an enormous 

release of temperature. If flammable materials exist in the form of vapours, gases, dusts or mist, 

they form explosives in contact with the air.  

2. In addition to fire and explosion hazards, flammable materials or combustion products can be 

poisonous and harmful to health, they can cause cancer, mutagenicity, teratogenicity, or are toxic 

for reproduction.  

 

 

Preventive measures: 

 Training for safe work with chemicals.  

 Removing all possible sources of ignition.  

 Containers must be sealed. 

 Amount of chemicals at the workplace must be reduced to minimum.  

 In transferring liquids grounding needs to be attached. 

 Room must be ventilated and appropriate temperature maintained.  

 Providing inertisation in closed systems (lowering the concentration of the oxidant).  

 Using appropriate personal protection equipment. 

 Written instructions for safe work. 

 Availability of fire extinguishers with proper fire suppressing agents. 

 Keeping absorbents close to/at the working space. 

 

2.1.1 Risks of fire and explosions 

 

Three conditions must be met for starting a fire:  

1. presence of fuel, 

2. presence of an oxidising agent (oxygen),  

3. source of ignition. 

  

In handling with flammable materials there are always two conditions present: oxygen and the 

material. For this reason we need to take make sure to avoid a third condition, i.e. the source of 

ignition which closes the so called fire triangle and causes a fire to ignite.  

 

  

FIRE TRIANGLE 
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There are different sources of ignition which can be divided into four groups: 

1. Mechanical (friction, metal breaking, flying particles from grinding or cutting operations). 

2. Electric (electric installation, electromagnetic radiation, electrostatic voltage, lightening). 

3. Thermal (hot surfaces, open flame, welding, self-ignition, heat released by pressing operations). 

4. Chemical (exothermic reactions, e.g. decomposition of peroxides, polymerization, etc.). 

 

For assessing the risks of fire and explosion we need to know some physical and chemical data of 

substances:  

 Vapour pressure – pr/mbar 

 Flash point – Tpl/°C  

 Flammable or explosive range SMV – ZMV/vol. % 

 Boiling point – Tvr/°C 

 Self ignition temperature – Tsv/°C 

 Relative density with respect to air  

 Relative density with respect to water  

 Solubility in water (g/m
3
 or g/l)  

 Limit values 

 Toxicity data – LD50 

 
Flash point of flammable liquids 

Flash point is the lowest temperature expressed in 
o
C, at which vapours develop from a liquid to 

form an ignitable mixture if mixed with the air. At this temperature the vapour may cease to burn 

when the source of ignition is removed because the substance has not been heated to the limit to 

give off vapours in sufficient quantity. 

 

Boling point of flammable liquids 

The boiling point is the temperature, at which the vapour pressure reaches 1.013 bar. 

The lower the boiling point of a flammable liquid, the faster the combustion. Thus, liquids with 

lower boiling points are more dangerous than liquids with higher boiling points even though they 

may have the same flash point.  

 

Self ignition temperature 

Self ignition temperature of flammable liquids is the lowest temperature at which a substance which 

is in the form of vapours, mist or dust, and mixed with the air ignites or explodes without any 

external ignition source.  

 

Vapour pressure 

Is the equilibrium pressure of saturated vapours collected above the liquid at a certain temperature.  

 

Explosion range  

Explosion range is the concentration of volatile gases, vapours, mist or dust and varies between the 

lower explosion limit (LEL/LFL) and upper explosion limit (UEL/UFL). The limits are expressed in vol 

% or g/m
3
 in which a flash will occur and a flame will travel and spread leading to explosion.  

 

Reactivity data 

Reactivity data gives information on the stability of a substance (does not react quickly), or 

reactivity of a substance (reacts rapidly). 
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Toxicity data 

Toxicity data will give you the information on possible adverse effect on living beings. Toxicity 

data of individual substances are found in the Materials Safety Data Sheets.  

 

 

Data on flash point, boiling point, vapour pressure, self ignition point and the 

flammability range for some materials 

  
The table below presents the data of some most frequently used flammable materials in laboratories:  

 
Substance Flash point 

(Tpl/°C) 

Boiling point 

(Tvr/°C) 

Vapour 

pressure 

(pr/mbar) 

Self ignition 

temperature 

(Tsv/°C) 

Flammability 

range 

(vol.%) 

Acetone -19  240 540 2.5–13 

Diethyl ether -45  585 160 1.9–36 

Methanol (CH3OH) 11 c.c. 64.5 128 455 5.5–11 

Ethanol (C2H5OH) 12 c.c. 78.3 59 425 3.5–15 

Unleaded gasoline < -40 25–215 350–900 250–460 0.6–8 

Diesel fuel > 55 160–385 - > 200 0.6–6.5 

Benzene (C6H6) -11 80.1 101 555 1.4–8 

Styrene (C6H5CH CH2) 31  145 6 480 1.1–8.9 

Aniline (C6H5NH2) 76  77 0.5 540 1.3–11 

Dimethyl sulphide 

(CH3)2S 

-37 37 645 205 2.2–9.7 

 

Hazards of static electricity 

In handling flammable materials there is a danger that a mixture of vapours, gases and dust mixed 

with the air will ignite and explode due to static electricity. Electrostatic charge is discharged by 

sparks which carry enough energy to ignite a flammable mixture.  

Electrostatic charge occurs in objects due to the influence of mechanical operations, e.g. lifting, 

crushing, transferring liquids, mixing, discharge, etc. What is important to know for the electrostatic 

charge is the specific resistance of the material, specific electric conductivity and surface resistance. 

Conductive materials have specific resistance lower than 10
6
  . Liquids with specific resistance 

greater than 10
10

  and solids with resistance greater than 10
9
  can be easily charged with 

electrostatic energy.  

Static electricity can be avoided by: 

 grounding of conductive parts (yellow-green wire), 

 furnishing premises with static conductive flooring, 

 wearing static conductive footwear and clothing (cotton), 

 grounding vessels for transferring flammable materials, 

 using Ex installation electrical material, 

 other measures. 

 

Incompatibility of substances  

We are dealing with lots of different chemicals in the laboratory and we need to be aware that some 

chemicals are incompatible. If incompatible materials are mixed we can expect an explosion or the 

formation of highly toxic and combustible materials. HCN (hydrogen cyanide), for example, is 

incompatible with acids and bases. It forms highly toxic fumes with acids and causes violent 

reactions with bases.  
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Incompatible are also powerful oxidizing or reducing agents and represent a serious hazard if mixed 

with chemicals which are less powerful reducing or oxidising agents. The level of hazard depends 

on the amount of material used. Fortunately, in laboratories we do not use large quantities of 

materials therefore there is a smaller risk. If we are handling larger quantities (above 500 gr or 1 L) 

we need to store these chemicals separately.  

In Appendix 1 you will find a table with some incompatible laboratory substances.  

 

2.1.2 Health hazards in working with flammable materials  

 

Some flammable substances may be hazardous to health if inhaled. In addition to their level of 

flammability they are also classified according to the following health hazard criteria of:  

- toxicity, 

- carcinogenicity, 

- mutagenicity, 

- hazardous for reproduction. 

These hazards are described in more detail in Chapters 3 and 4. 

 

 

Properties of organic solvents 
Organic solvent

13 
is any volatile organic compound, used on its own or in combination with other 

substances, which does not undergo any chemical change, having the power to dissolve materials, 

products or waste materials. Organic solvents can also be used as cleaning agents for dissolving 

impurities, as dispersants, agents for maintaining viscosity or surface tension, plasticizers or as 

protective agents.  

Organic solvents can enter the body through the following routes:  

1. lungs (inhalation), 

2. skin (absorption), 

3. digestive organs (ingestion). 

The most frequent route of exposure is by inhalation. In assessing the risk, we also need to consider 

the amount of solvent used, its concentration, time of exposure, the type of work operation, and the 

rate of breathing. The effects of organic solvents on our body can be specific or non-specific.  

a) Non-specific effects 

Organic solvents dissolve grease (in contact with skin they will dissolve the grease layer and thus 

reduce the resistance and change the pH of skin). 

 They cause central nervous system depression (with their narcotic effect they cause dizziness, 

euphoria, nausea, narcosis, coma and death).  

 Due to irritation they have immediate effects on the upper breathing system (sometimes also 

lower system), leading to pulmonary edema. 

 We can get used to some of these effects, however, the effects are added up, and frequently 

multiplied.  

 After permanent exposure to organic solvents they cause fatigue, irritability, headache and 

insomnia.  

  

b) Specific effects  

can be latent, and appear several hours or days after ingestion or inhalation of the substance due to 

the formation of toxic metabolites in the body. The presence of organic solvents in the body affects 

the blood system, nervous system, liver, kidneys, heart and metabolism of fats and carbohydrates. 
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Delayed specific effects may be carcinogenic (benzene and its derivatives, aniline), mutagenic or 

hazardous for reproduction (see Chapter 3). 

Since organic solvents are generally flammable and explosive, they represent a potential danger of 

fire and work accidents. They are volatile and their vapours are lighter than the air which means that 

they accumulate on the ground. This fact needs to be considered in planning ventilation of the 

workplace. The vapours of organic solvents must be contained at the source and must be vented 

through a venting system.  

 

2.2 LABELING OF FLAMMABLE LIQUIDS  
 

    
 

Highly flammable (F)   Extremely flammable (F+) 

 

Depending on the flammability level, flammable materials carry the following R phrases:  

 

R 10 Flammable. 

R 11 Highly flammable. 

R 12 Extremely flammable. 

R 13 Extremely flammable liquefied gas. 

 

2.3 SAFETY MEASURES IN HANDLING WITH FLAMMABLE MATERIALS  

 

When handling with flammable materials we need to consider the following general safety 

procedures:  

1. Ensuring good ventilation of the working space. Depending on the relative density of vapours we 

need to vent the air from the bottom and top part of the working area.  

2. Applying safety measures to avoid problems of static electricity.  

3. The floors must be resistant to solvents, waterproof and conductive.  

4. Electrical instruments must be grounded.  

5. Fire extinguishers must be provided in all laboratories.  

6. Vapours must be vented at the source of release.  

7. Containers with flammable liquids must be tightly sealed.  

8. The amount of chemicals in the working area should be kept to the minimum. 

9. Flammable liquids should be stored in special metal cabinets with ventilation.  

10.Eliminating all sources of ignition. Smoking and welding should be strictly forbidden.  

11.Complying with safety information available from Materials Safety Data Sheets and following 

instructions on labels.  

12.Using personal protective equipment.  
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3. TOXIC CHEMICALS  
 

 

“Only the dose makes a poison.” Paracelsus (1493 – 1541) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Auroleus Phillipus Theostratus Bombastus von Hohenheim – »Paracelsus,« (11 Nov. or 17 Dec. 

1493, Einsiedeln, Switz.; 24 Sept. 1541, Salzburg) 

 

 

3.1 PROPERTIES OF TOXIC CHEMICALS  
 

POISONOUS SUBSTANCE is defined as any substance which is harmful to health if it gets in 

contact with skin or ingested. Depending on the quantity or its composition, a poisonous substance 

disrupts functioning of the body and affects its anatomic structure. Poisonous substances have 

immediate effect (acute toxicity) or a delayed effect (chronic toxicity). They have local and general 

effect on the body.  

 

HARMFUL SUBSTANCE is defined as any substance which during manufacturing, transport, or 

storage escapes, or is formed, thus producing infectious, irritating, asphyxiating, toxic or other 

adverse effects on humans if in contact. Harmful substances may appear as dusts, fumes, gases, 

mist, vapours or fibres.  

 

TOXICOLOGY is a discipline which studies adverse effects of pure substances or their mixtures 

on living organisms. It studies the interactions between chemical and biological systems in order to 

quantitatively determine possible hazardous effects on healthy beings, and studies the 

characteristics, effects and mechanisms, and reversibility effects of hazardous impacts.  

 

TOXICITY the capacity to cause harm to a living organism.  
There are four routes of exposure through which a toxic substance can enter the body:  

 inhalation, 

 congestion, 

 absorption through skin or eyes, 

 injection. 
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The way the substance can enter the body depends on its state of matter: Gases usually enter the 

body through digestive organs. Liquids usually come in contact with the skin, cause irritation, 

degrease the skin causing dermatitis, or penetrate into the body through the skin. Vapours and 

aerosols enter the body via respiratory system and also irritate eyes.  

 

The level of health hazard depends on the following factors:  

1. chemical composition of the substance,  

2. concentration, 

3. period of exposure. 

 

Threshold Limit values  
Concentrations of substances in the air at the workplace, where adverse effects on the health of 

exposed workers are usually not expected are expressed by the so called threshold limit values for 

occupational exposure:  

 

TLV – threshold limit value for occupational exposure  

 

THRESHOLD LIMIT VALUE (TLV-TWA) in occupational safety means the average level to 

which it is believed a worker can be exposed to day after day for a working lifetime without adverse 

health effects. This level should be smaller or equal to the TVL of the substance, meaning that a 

worker can be exposed to the substance 8 hours per day (i.e. 40 hours per week) for the whole 

working period at normal microclimate conditions (20 °C and 1.013
.
10

5
 Pa) while performing easy 

physical operations. TLV is expressed in mL/m
3
 (ppm) or  mg/m

3
. 

 

SHORT-TERM EXPOSURE LIMIT (TLV-STEL) means allowable deviation from the limit 

value for shorter periods of exposure, or a factor, by which the limit value is multiplied to get the 

concentration of the material and maximum concentration of a chemical substance to which a 

worker may be exposed to continuously for up to 15 minutes without danger to health or work 

efficiency and safety. The exposure must not be repeated more than four times during the work shift, 

and the period between the two periods of exposure must be minimum 60 minutes. TLV-STEL is 

expressed in mL/m
3 

(ppm) or mg/m
3
. 
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TECHNICCALLY FEASIBLE CONCENTRATION (TFC) is the concentration of substances at 

the workplace, which according to the level of technology development, may be reached and can be 

tolerated, and should be considered as a factor for introducing suitable safety measures and 

measuring technical control of the workplace. TFC refers only to carcinogens where it is impossible 

to set justified limit values for the workplace. TFC is meant for reducing the health risks, however 

risks cannot be completely eliminated.  

 

List of some volatile organic substances with TLV and TFC values
4
: 

 
Chemical name 

 

 TLV 

(mg/m
3
) 

 

KTV* Group of carcinogens 

ACETONE 1210   

DIETHYL ETHER 308 2  

BENZENE  3.25 4  1 

ETHANOL 1900 4  

METHANOL 260   

DICHLOROMETHANE  350 4  2 

KTV* is a factor by which we multiply the TLV value 

 

BIOLOGICAL LIMIT VALUE (BAT) is a warning level of a hazardous substance and its 

metabolites in tissues, body fluids or exhaled air which can be taken up by the body by inhalation, 

ingestion or through skin.  

 

LD50 value (lethal dose) is the amount (mg substance/kg body weight), of a solid or liquid material 

that it takes to kill 50% of test animals in 14 days. 

 

LC50 value (lethal concentration) is the concentration of a material (mg or cm
3
 substance/m

3) 
that it 

takes to kill 50 % of test animals in 14 days. 

 

LD50 values for some chemicals (in mg/kg): 

Sugar    29.000  

Ethyl alcohol  14.000  

Sodium chloride  3.000  

Vitamin A   2.000  

Aspirin    1.000  

Caffeine    192  

Sodium nitrate   85  

Nicotine    53  

Sodium cyanide   6.4  

Strychnine   2.5  

 

3.2 CLASSIFICATION OF TOXIC SUBSTANCES 
 

According to the Chemicals Act, toxic substances are categorised into the following three groups:  

1. extremely toxic; 

2. toxic; 

3. harmful. 
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1. Extremely toxic 

Are substances which upon ingestion, inhalation or contact with skin, in very small quantities have 

the capacity to cause death or acute or chronic diseases. 

 

2. Toxic  

Are substances, which upon ingestion, inhalation or contact with skin in small quantities have the 

capacity to cause death or acute or chronic diseases. 

 

3. Harmful 

Are substances which upon ingestion, inhalation or contact with skin may cause death or lead to 

acute or chronic diseases. 

 LD50 values for 

poisoning by ingestion 

mg/kg 

LD50 values for 

poisoning through skin 

mg/kg 

LD50 values for poisoning 

by inhalation mg/L(4 hrs)  

  

Extremely toxic  < 25  <50   <0.5 

Toxic  25-200  50-400  0.5-2 

Harmful   200-2000  400-2000  2-20 

 

 

 

3.3 LABELING OF TOXIC SUBSTANCES  
 

 

GROUP 

 

 

Symbol 

 

R phrases 

Extremely toxic T + R 28 Very toxic if swallowed.  

  R 27 Very toxic in contact with skin. 

  R 26 Very toxic by inhalation. 

Toxic T R 25 Toxic if swallowed. 

  R 24 Toxic in contact with skin. 

  R 23 Toxic by inhalation. 

Harmful  Xn R 22 Harmful if swallowed. 

   R 21 Harmful in contact with skin. 

  R 20 Harmful by inhalation. 

 

 

Toxic chemicals carry the following symbols:  

 

 

    
 

Toxic (T)    Very toxic (T+) Harmful (Xn) 
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The following chemicals are classified as toxic as well:  

1. carcinogens, 

2. mutagens, 

3. reproductive toxins. 

 

 

3.3.1 Carcinogens 

Carcinogens are substances which cause cancer or increase incidence of cancer if ingested, inhaled 

or when in contact with skin.  

 

3.3.1.1  Classification of carcinogens  

Based on the knowledge so far, these chemical are classified and labelled as follows:  

 

Group 1: Substances known to be carcinogenic to man. (There is sufficient evidence for 

carcinogenicity). 

Group 2: 

 

Substances which should be regarded as if they are carcinogenic to man based on the 

sufficient evidence from animal testing and other evidence for carcinogenicity. 

Group 3: 

 

Substances which cause concern for man, owing to possible carcinogenic effects but 

in respect to the available information it is not adequate to make a satisfactory 

assessment to classify substances as Group 2. 

 

 

 

3.3.1.2  Labelling of carcinogens  

The following symbols and warnings (R phrases) are used for labelling carcinogenic substances and 

preparations:  

 

 

Group 

 

 

Symbol  

 

 R Phrases 

1  T R 45 May cause cancer. 

2 T R 49 May cause cancer by inhalation. 

3 Xn R 40 Limited evidence of a carcinogenic effect. 

 

 

3.3.1.3  Safety measures in handling with carcinogens  

 

1. Using alternative, less hazardous substances. 

2. Using a less hazardous technological procedure (e.g. changing a solid which is carcinogenic into 

a suspension or granulate).  

3. Measuring concentration of substances at the workplace.  

4. Providing and displaying rules for safe work at the workplace. These must include information on 

the hazards and protective measures to be taken. 

5. All laboratory work must be carried out in a fume-hoods or in confined apparatus.  

6. Persons handling with carcinogens must be informed about adverse effects of exposure to these 

substances and protective measures.  

7. Keeping strict hygiene at the workplace.  

8. Providing medical check-ups for persons handling with carcinogens.  

9. Pregnant women or persons under 18 should not handle carcinogenic materials.  
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3.3.2 Mutagens 

Mutagens are agents which upon ingestion, inhalation or skin contact can induce genetic disorders 

or increase the frequency of mutation in an organism. 
 

3.3.2.1  Classification of mutagens  

Mutagens are, based on the knowledge so far, classified into three groups: 

  

Group 1: Substances known to be mutagenic to man. (There is sufficient evidence for 

mutagenicity).  

Group 2: 

 

Substances which should be regarded as if they are mutagenic to man based on the 

sufficient evidence from animal testing and other evidence for mutagenicity. 

Group 3: 

 

Substances which cause concern for man, owing to possible mutagenic effects but in 

respect to the available information, it is not adequate for making a satisfactory 

assessment to be classified as Group 2. 

 

 

3.3.2.2. Labelling of mutagens 

The following symbols and warnings (R phrases) are used for labelling mutagenic substances and 

preparations:  

 

Group Symbol  R Phrases 

 

1 T  R 46 May cause heritable genetic damage. 

2 T  R 46 May cause heritable genetic damage. 

3 Xn  R 40 Limited evidence of a carcinogenic effect. 

 

Group 1 substances have not been defined yet since there is no reliable evidence so far on their 

mutagenicity. 

  

3.3.3  Reproductive toxins 

 

Reproductive toxicity means adverse effects on the male and/or female reproductive systems caused 

by exposure to a toxic chemical. Reproductive toxicity may be expressed as alterations in sexual 

behaviour, decreases in fertility, or foetal loss during pregnancy.  

 

Reproductive toxicity is divided into two main parts:  

1. Effects on the male and/or female fertility. 

2. Toxicity for foetal development in its broadest sense, and includes all the negative effects before 

and after birth.  
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3.3.3.1. Classification of reproductive toxins 

 

Based on the knowledge so far reproductive toxins are classified into the following three groups:  

 

Group 1: Substance known to impair fertility in humans. There is a sufficient evidence for 

establishing a relationship between the exposure and impaired fertility of man.  

 It has been proved that these substances impair human development. There is 

sufficient evidence of the relationship between human exposure to these substances 

and developmental defects in offspring. 

Group 2: 

 

Substances which should be regarded as if they impair human fertility after exposure 

based on:  

 - clear evidence on fertility testing on animals in the absence of other toxic 

impacts, or  

 - marked decrease of fertility as in approximately equal doses of other toxic 

effects, except this is not a secondary non-specific result of other toxic impacts, 

 - other data. 

Substances which are regarded as if they impair human fertility, because there is a 

well-founded suspicion that the exposure to these chemicals causes developmental 

defects on offspring in general, based on: 

- clear evidence from animal testing where such effects have been found in the 

absence of toxic indicators in females at approximately equal doses as for studying 

other toxic effects,  

 - other data. 

Group 3: 

 

Substances, which are generally presumed to impair human fertility in general and 

are based on:  

 - the results from animal testing, which indicate a possibility that a substance may 

cause infertility in the absence of other toxic effects, or that it visibly decreases 

fertility in approximately equal doses as for other toxic substances, except this is 

not a secondary non-specific result of other toxic impacts. 

The information available is insufficient to categorise this substance into Group 2.  

 - other data. 

Substances which are presumed to cause developmental defects in humans in general 

and based on:  

    - the results from animal testing where such effects have been observed in the 

absence of toxic effects in the female in approximately equal doses as for other toxic 

substances, except this is not a secondary non-specific result of other toxic impacts. 

The information available is insufficient to categorise this substance into Group 2.  

 - other data. 
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3.3.3.2. Labelling of chemicals classified as reproductive toxins  

 

The following symbols and warnings (R phrases) are used for labelling reproductive toxins: 

 

Group 

 

 

Symbol 

 

R phrases 

1 T  R 60 May impair fertility. 

 R 61 May cause harm to the unborn child. 

2 T  R 60 May impair fertility. 

 R 61 May cause harm to the unborn child. 

3 Xn  R 62 Possible risk of impaired fertility. 

 R 63 Possible risk of harm to the unborn child. 

 

 

 

4. RESPIRATORY PROTECTION EQUIPMENT 
 

There is no life without breathing. Human cells need oxygen to breathe. When a person inhales fresh 

air, oxygen is taken into the system and unwanted gases are removed by exhalation.  

The air we breathe contains large amounts of nitrogen, and almost 21 % of oxygen and 0.04% of 

carbon dioxide, and when we expel air from the lungs there is approx. 17 % of oxygen and 4 % 

carbon dioxide. The expelled air is also warmer and more humid.  

 

 

INHALATION      

     EXHALATION 

 

 

 

 

21% Oxygen     

    17% Oxygen  

0.04% CO2      

   4.04% CO2  

78% N2      

   78% N2 

0.96% noble gases      

   0.96% noble gases  

 

 

If there are harmful substances in the air, or if their concentration exceeds allowable limits (ALV), 

we are talking about air pollution. In this case we need to protect our breathing organs. For proper 

selection of respiratory protection we need to follow the four steps:  

 

1 Hazard identification  

Before the selection of personal protective equipment we need to know what hazardous substances 

we are dealing with. Substances may be in the forms of dust, fumes, mist, gases, the working area 

may be deficient with oxygen, or the temperature may be low.  

http://sl.wikipedia.org/wiki/Kisik
http://sl.wikipedia.org/wiki/Ogljikov_dioksid
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2 Possible health hazards 

After the substance has been identified we need to find out what health hazards these substances 

may cause. This is important for motivating the workers to wear personal protective equipment.  

 

3 Proper selection of equipment 

There is a wide range of respiratory protection equipment, however there is no such equipment 

which could be used uniformly for all hazards. For example, dust masks will not protect you against 

fumes and gases, and conversely, filter masks will not protect you against dust particles.  

 

4 Training on the use of equipment 

With all the above issues it is necessary to select appropriate protective equipment for respiratory 

protection. Persons should be trained on how to use and maintain the equipment. For optimal 

protection of workers it is also necessary to regularly apply a fit-test of the equipment before 

entering a contaminated area.  

 

Classification of respiratory protection equipment  

 

Air may be contaminated with particulates and/or gases and fumes. Also, there may be oxygen 

deficiency in the air. Basically there are two methods of protection against air pollutants:  

1. by air purification – Filtering devices. 

2. by supplying air or oxygen from a non-polluted source – Breathing apparatus. 

Before we select appropriate respiratory protection we need to carry out measurements of pollutants 

in the air. In case oxygen concentration in the air falls below 17 vol % it is mandatory to use 

respiratory protection.  

 

 

4.1 FILTERING DEVICES 
Filtering devices trap the pollutants in a filter and prevent them from entering the breathing system.  

 

4.1.1 Classification of filtering devices  

Classification of filtering devices according to the types of pollutants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Filtering devices are further divided into respirators and face masks.  

 

 

Filtering devices 

Particulate 

respirators 

 

Protection against 

gases and vapours  

  

Protection against 

particles, gases and 

vapours  
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a) Respirators 

These are dust masks which contain a filter. The air is inhaled and exhaled through the filter.  

An example of a respirator is shown in the picture below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Face masks  

Face masks are composed of a mask, exhalation and inhalation valve, a filter and straps for holding 

the mask. 

They are further divided into three types:  

- full face respirators which cover the mouth, nose, chin and eyes, 

- half face respirators which cover the mouth, nose and chin, 

- partial face respirators which cover the mouth and nose. 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.2 Selection of appropriate filter respirator  

 

Filter respirators must be appropriately selected according to:  

1. physical state of the pollutant – dust, gas, vapours; 

2. type of pollutant  

3. concentration of the pollutant (results of pollutant concentration measurements in the air)  

The main consideration in the selection of appropriate respirator is the filter (cartridge) which 

purifies the air (captures pollutants). According to the purpose of use, filters are divided into:  

a) filters for the protection against particles, 

b) filters for the protection against gases, 

c) combined filters. 

The table below presents information on the classes of filter types with the data on their capacity and 

protection purpose. In selecting filters we need to consider the level of exposure and pollutant 

concentration measurements. 
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 Filter class Protection against Maximum allowable pollutant concentration  

  

Filter for the 

protection against 

gases 

 gases, vapours 

 

 

  Capacity: 

1 low 0.1 vol % (1000 ppm) 

2 medium 0.5 vol % (5000 ppm) 

3 high 1.0 vol % (10.000 ppm) 

Filter for the 

protection against 

particles 

 particles  

  Capacity: 

1 low  4x exceeded limit value 

2 medium 12x exceeded limit value 

3 high 25x exceeded limit value 

Combined 

filter 

e.g. gases, vapours and particles   

 1 - P2  

2 - P2  Values depend on the combination  

2 - P3   

3 - P3  

 

Filters (cartridges) are colour-coded for easier identification of the purpose of use. The table below 

shows types of filters with the colour code and the purpose of use.  

 

 

 

Colour 

 

Filter type  

 

Main application areas  

 

Orange AX Gases and vapours of organic compounds with the boiling point 

below 65 
o
C. 

Orange AX Gases and vapours of organic compounds with the boiling point 

above 65 
o
C. 

Grey B Inorganic vapours and gases e.g. chloride, hydrogen sulphide, 

hydrogen cyanide. 

Yellow E Hydrogen chloride, sulphur dioxide  

Green K Ammonia  

Black CO Carbon monoxide 

Red Hg Vapours of mercury 

Blue NO Nitrous gases (including nitrogen monoxide) 

White P Particles  
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4.2 BREATHING APPARATUS 
 

Breathing apparatus is used in situations where filter (cartridge) respirators are not appropriate for 

use, i.e.  

1. in areas where the content of oxygen is lower than 17 vol %, 

2. in poorly ventilated areas, e.g. cisterns, reservoirs, tunnels, etc.  

3. if the concentration of air pollutants is unknown, 

4. if the concentration of the pollutant is higher than the capacity of filter respirators.  

5. in hazardous substances with poor warning signals e.g. unpleasant smell, taste or other irritating 

effects (e.g. aniline, benzol, hexane, methyl chloride, methanol, formic acid). 

 

There are basically two types of breathing apparatus: 

1. tube breathing apparatus, 

2. self-contained breathing apparatus. 

 

In tube breathing apparatus fresh air is obtained or forced through a tube from a remote source. The 

air is supplied with the help of a pump, or, as supplied as compressed air (bottom left). The picture 

(bottom right) shows a self-contained breathing apparatus, which has its own air supply, i.e. oxygen 

cylinder. 

 

 

 

 

 

 

 

 

 

 

5. Bibliography 
 

 

1. Zakon o kemikalijah (Official Gazette RS, št. 36/1999, 65/2003, 47/2004 - ZdZPZ) 

2. Pravilnik o razvrščanju, pakiranju in označevanju nevarnih snovi (Official Gazette RS, št. 35/05) 
3. Praktične smernice za delo z nevarnimi kemičnimi snovmi (Official Gazette RS št. 50/2003) 

4. Pravilnik o varovanju delavcev pred tveganji zaradi izpostavljenosti kemičnim snovem pri 

delu (Official Gazette RS št. 100/2001, 39/05 in 53/07) 

5. Prudent Practice in the Laboratories, National Reasearch Council, USA, 1995 

6. Robert Burke: Hazardous material chemistry for emergency responders, USA 1997 

7. Alenka Oblak - Lukač: Varno projektiranje in vodenje kemično-tehnoloških procesov, 

Ljubljana 1980 

8. Alenka Oblak - Lukač: Nevarne snovi, Ljubljana 1995 

9. SIST EN 132 Oprema za varovanje dihal - Definicije 

10. SIST EN 133 Oprema za varovanje dihal - Razvrstitev 

11. Priročnik za strokovni izpit iz varstva pri delu, ZVD, Ljubljana 1988 

12. Katalogi proizvajalcev opreme za varovanje dihal: Dräger in 3M 

13. Uredba o mejnih vrednostih emisije hlapnih organskih spojin v zrak iz naprav, v katerih se 

uporabljajo organska topila (Official Gazette RS št. 112/2005) 



Rules for Safe Work - Guidelines for 2nd year students of FKKT 

- 22 - 

Appendix 1: Table of incompatible substances  
 

 

The two columns below present substances which are incompatible and must not get in contact in 

uncontrolled conditions.  

 

 

acetic acid peroxides, permanganates, nitric acid  

acetic anhydride Hydroxyl containing compounds, e.g. ethylene 

glycol, perchloric acid 

acetone Concentrated nitric and sulphuric acid mixtures, 

hydrogen peroxide 

acetylene chlorine, bromine, copper, silver, fluorine, 

mercury  

sodium, potassium, powdered aluminium CO2, CCl4, other chlorinated hydrocarbons 

(prohibit the use of water, foam and dry chemical 

extinguishers on fire –dry sand should be used) 

ammonia  mercury, chlorine, calcium hypochlorite, iodine, 

bromine, hydrogen fluoride  

ammonium nitrate acids, metal powders, flammable liquids, 

chlorates, nitrates, sulphur, finely divided 

organics, combustibles 

aniline Nitric acid, hydrogen peroxide 

bromine ammonia, acetylene, butadiene, petroleum gases, 

sodium carbide, turpentine, benzene, metal 

powders  

calcium oxides water 

carbon activated calcium hypochlorite, other oxidants 

chlorates Ammonium salts, acids, metal powders, sulphur, 

finely divided organics, combustibles 

chromium (VI) compounds Acetic acid, naphthalene, camphor, glycerol, 

turpentine, benzene, metal powders 

chlorine ammonia, acetylene, butadiene, butane, other 

petroleum gases, hydrogen, sodium carbide, 

turpentine, benzene, metal powders 

chlorine dioxide ammonia, methane, phosphorus, hydrogen 

sulphide  

copper acetylene, hydrogen peroxide  

fluorine Isolate from everything 

hydrazine hydrogen peroxide, nitric acid, all oxidants 

hydrocarbons (benzene, butane, propane, 

gasoline, turpentine...) 

fluorine, chlorine, bromine, chromic acid, 

peroxides 

hydrocyanic acid  Nitric acid, alkalis 

hydrofluoric acid (anhydrous), hydrogen fluoride ammonia 

hydrogen sulphide  Fuming nitric acid, oxidising gases  

iodine 

 

acetylene, ammonia 

mercury acetylene, fulminic acid (product of a mixture of 

nitric acid and ethanol), ammonia 
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nitric acid, concentrated Acetic acid, acetone, alcohol, aniline, chromic 

acid, hydrocyanic acid, hydrogen sulphide, 

flammable liquids and gases, nitrates 

nitroparaffins Inorganic bases, amines 

oxalic acid Silver and mercury and their salts  

oxygen oils, grease, hydrogen, flammable liquids, gases 

and solids  

perchloric acid  Bismuth and its alloys, alcohol, paper, wood, 

grease, oils, (organics)  

peroxides, organic acids (organic and inorganic), avoid friction and 

shock, store cold)  

phosphorus, white air, oxygen 

phosphorus pentoxide alcohols, strong bases, water 

potassium chlorate acids, (also chlorates)  

potassium perchlorate acids, (also perchloric acid) 

potassium permanganate  glycerol, ethylenelenglycol, sulphuric acid, 

benzaldehyde 

silver and its salts  acetylene, oxalic acid, tartaric acid, fulminic acid 

(formed from a mixture of nitric acid and 

ethanol), ammonium compounds  

sodium nitrite ammonium nitrate, ammonia salts  

sodium peroxide Any oxidant, ethanol, methanol, glacial acetic 

acid, benzaldehyde, carbon disulphide, glycerol, 

ethylene glycol, ethylacetate, methylacetate, 

furfural  

sulphuric acid  chlorates, perchlorates, permanganates 

  

  

Source: National research council - Prudent practices in the laboratory 

 


