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1 Introduction to lab safety

Safety in the chemical lab in 1939:

About 30 of us ... had been admitted to
the Laboratory for Qualitative Analysis
during our second academic year. We had
entered the spacious, soot-blackened,
murky hall like somebody who carefully
places his steps while entering a place of
worship ... Nobody had bothered to waste
much breath on teaching us how to pro-
tect ourselves from acids, corrosives, fires
and explosions: Manners were rough at
the institute, and obviously there was con-
fidence that natural selection would do its
duty and pick those among us who were
best adapted to physical and professional
survival. There were only few exhausters;
in systematic analysis everybody meticu-
lously released, as prescribed by the text-
book, copious quantities of hydrochloric
acid and ammonia so that the lab was
continuously filled with a dense white fog
of ammonia chloride precipitating on the

window panes in the form of tiny glittering
crystals. Into the room with hydrogen
sulphide, where the air was murderous,
there retired couples desiring to be alone
or mavericks to eat their lunch.

(Primo Levi: The Periodic Table, Carl Hanser Verlag)*

Over the course of their training and pro-
fessional work, today’s chemists acquire
extensive knowledge and experiences re-
lating to the risks and dangers inherent in
their work and to the products developed
by themselves and their colleagues. The
resulting safety awareness is an integral
part of their professional ethos. The skills
and knowledge acquired in the field of
safety are just as important as those relat-
ing to the profound complexities of science
or to cutting-edge technological develop-
ments.

* publisher of the German version (Das periodische
System). English version with the title given here
published in September 1996 by Random House,
ISBN: 978-0-679-44722-1. Title of the Italian original:
Il systema periodico, ISBN: 978-8806135171



Thus it is an important goal of academic
training to educate chemists to

* be proficient in safe and secure handling
of chemicals and thus,

* protect both themselves and their col-
leagues and employees from dangers,

* act responsibly towards the environment
and the general public,

* identify possible dangers in the use of
chemical products by consumers and
avert these dangers by providing proper
instructions.

Professional knowledge is linked to the
obligation not only to act as described
above but also to demonstrate to the gen-
eral public that safe and secure handling
of chemicals is possible and actually being
practised, and that application of chemical
products by the consumer is guaranteed to
be safe if the instructions for their use are
complied with. The insurance providers’

accident statistics show the success of con-
sequent compliance with safety regula-
tions.

Safety matters in the chemist’s profession-
al work are regulated by numerous laws,
ordinances, directives and guidelines, but
safety awareness based on solid profes-
sional knowledge still exceeds this by far.
Thus, safety awareness can and must be
learned and acquired just like any other
professional knowledge. For the student in
the field of chemistry, this begins with the
practical courses and the very first experi-
ments in chemistry.

Accident prevention as a self-assigned task
with personal responsibility is a goal of
training. It is of particular importance as
the chemist will, at latest when having to
issue instructions as a superior in industry
or academia to subordinates, be held re-
sponsible for the safety of these persons
and will have to face civil and penal con-
sequences, should the situation arise.



A study of thousands of workplace acci-
dents in laboratories and production
plants has revealed that they were caused
by technical defects only in minority of
cases, but in the vast majority, that is to
say, in about 85% of cases, by human
errors. Ignorance of safety-relevant prop-
erties of substances or lack of insight into
the type of reactions performed often plays
a role in this.

However, habituation is just as inimical to
consciously safe work: Persons who have,
due to long-term experience, lost the ini-
tial respect for a potentially hazardous
method tend to neglect safety precautions.

Here the best prevention is to consequent-
ly and regularly attend all safety briefings
offered.

Some examples of laboratory accidents
will illustrate the above.

/
SS—

In order to produce cyclohexanone perox-
ide, a chemist heated a mixture of 0.5 ml
of cyclohexanone and 0.5 ml of hydrogen
peroxide in a test tube. A violent reaction
detonated the test tube. The chemist suf-
fered injuries of his face and both hands.
The left pane of the safety goggles was

shattered. The eyes remained unharmed.

Even test tube scale
experiments may be
dangerous

\

It is mandatory to know
substance properties

A technician was instructed to bottle silver
perchlorate precipitated from solution and
dried in an exsiccator. When she was
crushing the substance with a spatula, it
exploded with such vehemence that she
died from her injuries four weeks later.

Waste disposal rules are to
be observed

A student of chemistry illegally poured
cyanide-containing wastes into a sink.
When another student poured hydrochlo-
ric acid into the same sink shortly after-
wards, hydrogen cyanide was released,
inhalation of which quickly led to the sec-
ond student’s death.

F | Ignition sources, they are
everywhere

In a research laboratory many preparations,
some of which contained highly flammable
solvents, were stored in a normal house-
keeping fridge. Leakiness of one vial result-
ed in an explosive vapour-air mixture
which was ignited by the switching spark
of the thermostat of the fridge, resulting

in a severe explosion followed by fire and
considerable damage to property.



2 Before beginning the practical course
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Where are:
emergency exit, fire escape,
general escape routes?

alarm systems, telephone,
emergency call, assistant’s
room?

fire extinguisher,

fire alarm box?

respiratory protection masks

and filters?

body showers, fire blankets?

eye showers?

First Aid cabinets?

First Aid room, stretchers?

Al
+
0
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Where are important installations and accessories?
Please check! Can you answer all of the following questions?

Do you know, e.g.,

how and/or by whom media
(gas, water, electricity) can be
switched off?

that in case of fire you must
not use a elevator?

that fire extinguishers must
be refilled after every use?

that pressurized gas cylinders
must always be guarded
against tilting?

what self-protection means?

what to do in case of severe
accidents?

which of the chemicals you
may have to work with are
toxic, explosive or flammable?

where to find safety
information?

With regard to the localities you must find out for yourself; concerning other issues this
brochure is intended to help you.



2.2 How to learn about dangerous
properties of substances and
safety-relevant parameters

Usually, operating procedures in text
books and protocols for practical courses
are tried and tested so well that compli-
ance with the operating instructions guar-
antees safe and expedient work.

Most of these introductory texts also com-
prise fundamental treatises on safety is-
sues in the chemical lab. However, many
bibliographical references do not comprise
specific and unambiguous safety advice. In
case of doubt, address the instructor or as-
sistant in charge.

However, one should also get accustomed
to contemplating possible dangers and to
consult further sources of information
(hazardous substance databases on the
internet such as GESTIS or GiSChem see
Annex D) on one’s own initiative.

The labels of the original packaging of
chemicals as provided by the supplier pro-
vide important information on volatility,
flammability, acidity, capacity for autooxi-
dation or spontaneous decomposition as
well as other properties. Annex C will in-
form you about hazard symbols and warn-
ings used as well as about alerts to partic-
ular dangers and special safety advice.

Due to amended regulations relating to
classification and labelling, containers
may be labelled in accordance with either
the previous substance or preparation

10

guideline or with the new CLP (Classifica-
tion, Labelling and Packaging) regulation.
For examples, please see pictures 1 and 2.

Such properties may also be inferred from
analogy based on the chemical similarity
to known substances.

Even though with regard to toxicological
properties analogies may be misleading
(benzene may cause leukaemia, toluene
may not), but for some groups of sub-
stances they do provide a first hint even
where toxicology is concerned.

For example, when working with alkylat-
ing reagents, the danger of potentially
cancerogenic effects must be kept in mind.
Read more about this in Chapter 9 Health
Hazards and the compilation Frequently
occurring hazardous substances, health
hazards arising from them and suitable
First Aid measures in section 11.3.

The literature annex lists a
number of important books
_ // and data sheet collections

v | providing important safety-
related information. Find out about the
availability of the referred literature in the
library, and learn how to use it. Cata-
logues of chemicals also inform about
many important substance properties.
Hazardous material databases are availa-
ble on the internet.

If it should be necessary to
work with substances for
which there is no information
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available, they must be considered as dan-
gerous. Inhalation and skin contact are to
be avoided, and provisions for the case of
decomposition must be made as required.

2.3 Essentials to be known and
observed

While in a chemical lab, per-
manently wear protective
goggles with side protection.

When performing work pos-
ing an increased hazard to
the eyes, they must be re-
placed with fully closed and
tight-fitting goggles (also
known as basket goggles) or supplement-
ed with a face shield.

For work putting the hands at

risk, chemically resistant and

mechanically robust protec-

tive gloves must be worn.
Many hazardous substances are capable of
diffusing into the material of the gloves,
sometimes with amazing rapidity. Thus,
substances such as acetone or xylene per-
meate various glove materials very quickly.
Therefore the protective gloves must be
selected according to the resistance data
furnished by the manufacturer. In order to
avoid contamination, do not touch light
switches, door handles, taps at the wash-
ing basin, telephones, keyboards, writing
utensils or the like.

2.3.1  Body protection and working

clothes

In laboratories, appropriate working
clothes must be worn any time. For nor-
mal laboratory work, this is a sufficiently
long lab coat with long tight-fitting with a
tissue cotton content of at least 35% (see
picture 3). The lab coat must not be worn
in lecture rooms, libraries, cafeterias etc.

The footwear must be robust and closed.

In situations of increased danger of fire,
e.g. when decanting larger amounts of
I"'I

ek

'F'.

oK

Picture 3



flammable liquids, protective clothing of
cotton with flame-retardant impregnation
or flame-resistant special tissues must be
worn. When handling larger amounts of
corrosive liquids, liquid-tight protective
clothing, e.g. a PVC apron, is to be worn.

Change from normal lab clothing to
streetwear and back must be performed
outside the lab (see picture 4). Any cloth-
ing contaminated with chemicals must be
changed immediately.

Picture 4

Presence at the workplace

2.3.2

Anybody performing an ex-
periment must not leave the
@ station unless permanent su-
pervision is unnecessary, or
unless a colleague informed
about the experimental procedures shall
continue supervision.
For dangerous work, at least two persons
must be present.

2.3.3 Food, drink and smoking

Because of the danger of

-l contamination, food and

S drink may be neither stored
nor consumed at the work-
place. Even outside the lab,
food and drink must not be stored in lab
vessels or chemicals containers. Neither
may chemicals be stored in vessels usually
used for holding food and drink.
Smoking is not permissible in a chemical
laboratory.

2.3.4

Cleaning and prophylactic skin
care

After completion of the lab
work, the hands are to be
washed thoroughly each time
R with water and detergents

gentle on the skin. For hands
burdened with contact with chemicals or
frequent washing, regeneration-promot-
ing skin care with a rich cream is recom-
mended.

13



3 Handling chemicals

This chapter shows how to avoid contami-
nation with chemical substances, danger
to persons and, generally, the arising of
dangerous situations when handling
chemicals.

It describes the legal basis for handling
chemicals and answers the following
questions:

How to handle chemicals?

T JEI Which vessels and containers

—

are appropriate to that pur-
pose?

When must chemicals be
stored in a fume hood or
treated specially?

How to avoid mix-ups?

How are vessels or contain-
ers for chemicals transported
safely?

How to avoid spilling or skin
contact when decanting or
metering chemicals?

How to deal with spilled
chemicals?

3.1 Legal basis: Chemicals Act and
Ordinance on Hazardous Sub-
stances

The Act on Protection from
Hazardous Substances
(Chemicals Act, Gesetz zum
Schutz vor gefahrlichen Stof-
fen or Chemikaliengesetz) is
intended to protect persons and environ-
ment from noxious effects of hazardous
substances and compositions, in particu-
lar, to make such substances detectable, to
avert them and to prevent their formation.
The Chemicals Act is also intended to en-
sure that novel chemicals are sufficiently
examined for dangerous properties prior
to marketing, and that in handling these
substances the safety measures necessitat-
ed by the results of these examinations
will be complied with.

The scope of the prescribed safety-related
and toxicological examinations depends
on the amount of the substance to be mar-
keted. The labelling of the substances, i.e.
the type of symbols, hazard warnings and
safety advice on the labels (cf. pictures 1
and 2 and Annex C) depend on the results
of the examinations. Usage limitations and
other restrictions may also be imposed by
the authorities.

The Ordinance on Hazardous Substances
(Gefahrstoffverordnung), essentially based
on the Workplace Safety Act (Arbeitsschutz-
gesetz) and the Chemicals Act, regulates all
activities pertaining to hazardous substanc-
es, i.e. their production, storage and use.
This ordinance further regulates classifica-
tion and labelling of hazardous substances.



The purpose of the Ordinance on Hazard-
ous Substances is to protect both persons
and environment from damage caused by
chemicals. The Ordinance on Hazardous
Substances applies both to commercial in-
dustry and to offices, schools and universi-
ties and addresses the employer and all
employees in the business. Officials, pu-
pils, students and all other persons work-
ing at universities (e.g. scholarship hold-
ers) are considered as employees by the
Ordinance on Hazardous Substances.

Assessment of danger

According to § 7 of the Ordinance on Haz-
ardous Substances, the laboratory manag-
er or course supervisor must first ascertain
whether the employees and students are
going to work with hazardous substances,
or whether hazardous substances may be
produced or released in the course of their
work. In this case, as it is in the chemical
laboratory, the dangers for the health and
safety of the employees must be consid-
ered from the following perspectives:

1. dangerous properties of substances
and compositions;

2. manufacturer’s or vendor’s information
relating to health protection and safety,
in particular material safety data sheets
(MSDS) in accordance with § 6 of the
Ordinance on Hazardous Substances;

3. degree, type and duration of exposi-
tion, taking into account all ways of
exposition;

4. physical-chemical effects;

5. possibilities of substitution;

6. working conditions and procedures
including instruments and amount of
the hazardous substance;

7. workplace limit value and biological
limit values;

8. efficacy of protective measures imple-
mented or to be implemented;

9. conclusions from previously conducted
occupational health examinations.

The laboratory manager or course super-
visor may permit work with hazardous
substances only after performing this
assessment of danger and implementing
appropriate protective measures. It must
be the goal of these measures to comply
with workplace limit values and to mini-
mize exposition of employees to hazard-
ous substances. In chemical laboratories
these goals can be considered as met if

» work is performed using the small
amounts of substances which are regu-
larly used in the lab;

 all work with toxic, very toxic, cancero-
genic, mutagenic and reproduction-
toxic substances is performed in a fume
hood and the fume hood is kept closed
unless the equipment therein is being
manipulated;

* the laboratories and course rooms are
not overcrowded;

» dispensers and compressed gas cylin-
ders for toxic and very toxic substances
are placed within the hood;

* toxic, very toxic or corrosive gases and
vapours released during reactions are
removed by cryotraps or absorption so-
lutions;

15



» contact with substances which may be
absorbed through or are harmful to the
skin is avoided by the procedure (e.g.
use of closed apparatus) or appropriate
personal protective equipment (protec-
tive gloves, goggles and face protection
as required);

» personal work hygiene is paid attention
to.

The Ordinance on Hazardous Substances is
substantiated by a number of Technical
Regulations for Hazardous Substances
(Technische Regeln fiir Gefahrstoffe,
TRGS). In particular, the TRGS 526 «Labo-
ratorien» is to be named here. Further in-
formation relating to laboratories is to be
found in «Sicheres Arbeiten in Laborato-
rien» (BGI/GUV-I 850-0).

For universities in particular, the «<Umgang
mit Gefahrstoffen im Hochschulbereich»
(GUV-SR 2005), is relevant.

The information below takes into account
the rules, regulations and explanations
given above.

3.2 Storage and transport

Chemicals should remain in the original
containers if possible since their legally
required labels contain important infor-
mation on safe handling, see section 2.2.
Other containers must be labelled carefully
and unambiguously after removal of any
obsolete labels; labels must be covered
with transparent film. Quick-and-dirty la-
belling with fibre pens is not permissible

16

for storage containers because they are
not durable enough.

All containers holding chemi-
cals must be made of suita-
ble materials. When storing
organic solvents in plastic
containers, the possibility of
diffusion or embrittlement must be con-
sidered.

Some substances may change
under the influence of light.
They must be stored in
opaque containers.

=

Avoid unnecessary storage of
materials exceeding the
amounts constantly required
and provided for scheduled
experiments.

All chemicals and prepara-
tions provided in the labora-
tory, as well as their contain-
ers, are to be checked for
proper condition at least
once a year. Chemicals and preparations in
containers which do no longer conform to
the regulations must be decanted into oth-
er containers or discarded, respectively, if
no longer needed or unusable.




Chemicals which may release
toxic, corrosive or flammable
vapours or dusts may be
handled only in a fume hood
and may be provided only in
small quantities. They must not be trans-
ported in an elevator together with per-
sons.

When transporting glass containers, there
is always danger of breakage. Bottles must
never be carried by gripping their neck.
Glass containers must always be trans-
ported in buckets, racks or, preferably,
baskets or trays on wheels, see picture 5.

The dangers of fire and explo-
sions in the storage of chemi-
cals is discussed in section 6.1
- Flammable liquids.

Picture 5

33

Dispensing and decanting

Any decanting of chemicals
presents danger of spilling,
also upon skin and clothing,
of inhalation of vapours or
dusts and of formation of ig-
nitable mixtures.

There are some rules which apply to de-
canting of smaller amounts in the lab, ob-
servance whereof essentially excludes
dangers:

* When directly decanting, always use
funnels for liquids or powders, respec-
tively, even if personal dexterity would
allow subjectively safe decanting with-
out these implements.

* For decanting of liquids, in particular
with toxic or corrosive properties (use a
fume hood!), it is useful to place be-
neath a trough; for solids, a paper mat.

» The sizes of storage container, funnel
and receptacle must match. For taking
small amounts of liquids, a sufficient
number of Mohr pipettes should always
be available at the station.

* ltis strictly prohibited to pipette liquids
by oral suction. A variety of pipetting
aids are available to that purpose, see
picture 6.

When decanting liquids
from a bottle, hold the
bottle so that the label is
upside when the bottle is
in horizontal position so

17



Picture 6

that adhering drops cannot damage the
label when running down the outside
of the bottle. It is expedient to remove
the adherent drop with the stopper of
the bottle after decanting.

* Never place the stopper of the bottle
with its lower section upon a table.

18

* Solids may be taken from the powder
containers only using a clean spatula or
spoon.

* Chemicals once taken from a storage
container must never be returned to
this container since otherwise the en-
tire supply may be contaminated.

3.4 General safety precautions

in experimenting

All experiments must be planned and pre-
pared carefully. Appropriate preparation
can be based on an Operating Procedure
(see example on pages 19/20) which not
only outlines the reaction equation and
the description of the experiment but also
comprises the characterization of the sub-
stances used and produced, hazards for
persons and environment, protective
measures and directives, actions to be tak-
en in case of danger, First Aid measures
and data relating to disposal.

Furthermore, prior to starting the experi-
ment it must be made sure that the availa-
ble time is sufficient for the entire work
flow, otherwise breakpoints must be es-
tablished in advance where the experi-
ment can be interrupted without danger.

If it is necessary to have an experiment
running for a longer time or overnight
without supervision, appropriate safety
measures must be taken in cooperation
with the instructor or assistant in charge
(e.g. increased fire protection, proper set-



OPERATING PROCEDURE
in accordance with § 14 of the Ordinance on Hazardous Substances
for chemical and related laboratories of the University of Bonn

EXPERIMENTAL PROTOCOL

Assistant
A. Nonymus

Station |Course
202 |0C-1

Scale: 0.1 Mol

First Name

John

To be produced: phenacyl bromide, 2-bromoacetophenone

Name
Doe

Literature: Reaktionen und Synthesen, Tietze, Eicher - Thieme 1981 - page 44

Reaction equation

Hy + Br, HO
HBr

+ HEr

Substances used, Mw

products

melting P
boiling P
°C

and

Hazard symbol

designation

Rand S
phrase #

Amount
required for
experiment

Acetophenone 98-86-2 BP 202 |Xn,

harmful

R22, R36, 526

12.0g

Bromine 7726-95-6 BP 58.8

T+,CN highly toxic,
toxic, corrosive
harmful to the
environment

R26, R35, R50
S7/9, S26, S45,
S61

16.0¢g

Glacial acetic acid 64-19-7 BP 118.1

C, corrosive
526, S45

R10, R35, 523.2

HBr solution, 48 % 10035-10-6

C, corrosive

R34, R37,
57/9, 526, S45
536/37/38

MP
47-48

Phenacyl bromide

70-11-1 199.1

Xi, irritant

R36/37/38,
S24/25

R and S phrases referred

to above:

Flammable R50

Very toxic to aquatic organisms

Harmful if swallowed S7/9

Keep container tightly closed in a well-ventilated place

Very toxic by inhalation

S23.2 Do not breathe fumes

Causes burns

S24/25 Avoid contact with skin and eyes

Causes severe burns S26

In case of contact with eyes, rinse immediately
with plenty of water and seek medical advice

R36 Irritating to eyes 536/37/39

In case of contact with eyes, rinse immediately with
plenty of water and seek medical advice

R37 Irritating to respiratory system Su5

In case of accident or if you feel unwell seek medical
advice immediately (show the label where possible)

R36/37/38  Irritating to eyes, S61

respiratory system and skin

Avoid release to the environment.
Refer to special instructions/safety data sheet

Description of the experiment (with equipment et up as sketched)

Equipment: 100 ml two-necked flask, dropping funnel with pressure compensator, internal thermometer, magnetic

stirrer, ice bath.

To dissolve 12 g of acetophenone in 10 ml of glacial acetic acid containing one drop of 48 % hydrobromic acid, add 16 g
of bromine under stirring and cooling with ice so that the temperature of the reaction mixture does not exceed 20 °C.
Then stir for 20 minutes at room temperature. Then draw a sample of approx. 1 ml of the solution, rub it with glass rod
to induce crystallization and add the seed crystals to the reaction mixture cooled to 3-4 °C; phenacyl bromide will pre-
cipitate in crystalline form. Aspirate and wash several times with a total of 40 ml of EtOH/H20 1: 1.Theoretical yield after
vacuum drying: 10 g (50 %), colourless crystals, melting point 47-48 °C.




OPERATING PROCEDURE
in accordance with § 14 of the Ordinance on Hazardous Substances
Substance data see experimental protocol

Bromine - is very toxic upon inhalation, causes severe burns and irritates the eyes and airways; hazar-
dous to water (water hazard class 2).

Glacial acetic acid - highly corrosive to eyes, skin and airways; flammable and slightly hazardous to water
(water hazard class 1).

Acetophenone - irritates the eyes; slightly hazardous to water (water hazard class 1).

Phenacyl bromide - irritates skin, airways and in particular the eyes; strong lacrimant; severely hazardous
to water (water hazard class 3).

48 % HBr solution - highly corrosive to eyes and eyes, irritates the airways; preparation slightly hazar-
dous to water (water hazard class 1).

Perform all work in the hood, keeping the sash closed whenever possible. Wear laboratory
gloves of rubber or plastic. Keep glacial acetic acid away from ignition sources (flashpoint

40 °C). When working with bromine, keep 3% aqueous sodium thiosulphate solution at hand
close to the apparatus.

After spilling of chemicals, in case of fire and after contact of chemicals with eye/skin, immediately inform
the assistant.
Bromine: Let splatters evaporate in the hood or react them with 3% sodium thiosulphate solution. Absorb
larger amounts with absorbent.
Glacial acetic acid/HBr solution: Remove splatters with water, absorb larger amounts with moisture-binding
material and clean with water afterwards; extinguish acetic acid fires with
carbon dioxide or powder.

After contact with eyes:  For all substances used and for phenacyl bromide, rinse eyes with plenty of
water for at least 15 minutes; consult ophthalmologist if necessary.

After contact with skin: Wash skin wetted with bromine immediately with 3% sodium thiosulphate
solution and then with plenty of water; consult physician if required.

After inhalation: For all substances used: fresh air; consult physician if required.

After contact with clothing: Immediately take off wetted clothing.

Rinse all equipment that has come into contact with bromine with sodium thiosulphate solu-
tion. The rinsing solution can be discarded as waste water. Neutralize all solutions compri-
sing organic solvents and discard into the container for solvent wastes.

Preparation approved for synthesis with the amounts calculated on the recto side.

Signature of assistant Chemicals handed out: signature chemical storage

Own observations during performance of the reaction, reaction mechanism and literature
data and findings (such as yield, melting point, boiling point, refractory index) are to be
recorded separately.

Use separate sheet; data in header as on first page.




ting of control and regulation devices, safe
shut-down in case of electricity blackout).

Availability of all chemicals and devices
required must be made sure prior to be-
ginning the experiment. A search for miss-
ing materials will inevitable lead to hurry
and thus to an increased safety risk, par-
ticularly during difficult phases of an ex-
periment.

By preparing an experiment on the day
before, time and flexibility are gained.

The following safety precautions must
always be observed:

» Chemicals must not be brought into
contact with the skin and therefore
must not be touched either.

» Use hazardous substances in small
amounts only. The more dangerous a
substance used or produced, the small-
er the scale should be.

®» When heating liquids, superheating

(bumping) must be avoided by stirring,
use of boiling chips or granules, boil-
ing capillaries, etc. Test tubes must be
shaken permanently, since otherwise
the entire liquid may squirt out as a re-
sult of sudden boiling. Never point the
opening of a test tube towards you or
any other person!

®» Work which may produce dangerous
amounts or concentrations of gases, va-
pours or aerosols must always be per-

formed in a fume hood. Such activities
comprise evaporation or fuming off as
well as heating of oil baths in distilla-
tion processes.

During such work, the front sliders
(sashes) and movable panes are to be
kept closed if possible (see pictures 7
and 8). Work with the front slider
opened is permissible only exceptional-
ly and for cause, since in this case re-
lease of noxious matter will be higher,
and the user will not be protected from
squirting of hazardous substances or
from shattered glass fragments. How-
ever, in any case the head should be
kept in the area protected by the pane.

Operating Bunsen burners in the hood
can significantly disturb the air flow,
and they should therefor be used only to
the degree they are absolutely required.

Likewise, the efficacy of the hood is
strongly affected by obstructions of the
air flow, e. g. standing bottles or devic-
es. Therefore, hoods should be kept as
free as possible. Do not abuse hoods
for the storage of chemicals or for in-
stallation of large equipment requiring
ventilation (muffle kilns, drying cabi-
nets etc.)!

For workplace safety and environment
protection, hazardous substances re-
leased in the hood are to be collected
at their site of release or formation if
possible and removed e.g. by absorption
(see residual gas scrubbing, picture 7).
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®» When using a rotary evaporator (also

known as Rotavap or Biichi), appropri-
ate setting of the temperature of the
water bath and of the vacuum will re-
sultin good condensation. Regulated
rotation pumps or membrane pumps
are tried and tested, and in comparison
to water aspirators they have the ad-
vantage of reducing waste water pro-

duction and preventing water pollution.

The solvents trapped in the condensate
collector can be partly re-utilized by
distillation or collected for disposal.

Squirted or spilled chemicals must be
appropriately disposed of at once. Con-
centrated acids or bases are neutral-
ized, then the liquid is wiped off. In do-
ing so, protective gloves must be worn.

Picture 7

Hazardous liquids are ideally absorbed
with suitable absorption granulates (for
strong oxidants such as concentrated
HNO, or HCIO, use mineral absorbents
only; do not use synthetic resin absorb-
ers!). The used granulate is collected
into plastic bags and disposed of as
toxic waste.




Conventional fume hood with vertical
sash and external air supply.

e Always keep the sash closed when
the hood is not in use or the in-
stalled equipment presently does
not require hands-on work.

e When working with any equipment,
do not open the sash any further
than absolutely required; the head
should always be in the area pro-
tected by the pane.

* The ventilation effect is highest
when the sash is lowered, since
then the speed of the air flow in the
aperture is highest!

Efficacy of a fume hood in relation to
the aperture of the sash:

Opening of sash »

If the speed of the air flow is below

0.5 m/s, there is the inevitable danger
that persons passing by will extract
noxious matter from below the hood by
the air turbulence they cause.

Average air flow speed
in aperture of sash (m/s) »

In modern hoods with electronic regula-
tion there are many different embodi-
ments. Here instruction by the technical
service or an appropriately trained per-
son (e.g. course assistant) is required.
Control circuits which the user perceives
as distracting must not be unplugged or
reset at any rate! The basic rules for
fume hoods as described above apply
here as well.
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3.5  Safety measures for experi-
menting with special chemi-
cals

Acids and bases

Because of the heat released in the proc-
ess, caution is advised when diluting con-
centrated acids with water and when dis-
solving solid alkali hydroxides. Concentrat-
ed acids (sulphuric acid in particular) are
to be added slowly to water, not contrari-
wise, under stirring. Lyes and highly basic
amines, in particular higher alkylamines,
have an even stronger corrosive effect on
eyes and skin than acids.

Hydrogen fluoride

Work with anhydrous hydrogen fluoride
and/or hydrofluoric acid may be per-
formed only in a fume hood. In addition to
protective goggles, a protective shield,
long protective gloves or, if required, a full
mask must be worn. Because of the highly
corrosive and toxic effects, inhalation and
skin contact with this substance must be
avoided at any cost. If inhalation or skin
contact occurs nevertheless, swift First Aid
is of paramount importance, see section
11.3!

Perchloric acid, azides, permanganates
In the presence of oxidizable substances,
anhydrous perchloric acid, perchlorates
and chlorates tend to explode, and azides
are prone to spontaneous decomposition.
Chlorates and permanganates may also
cause explosions when concentrated sul-
phuric acid is added.
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Alkali cyanides

Alkali cyanides react with acids to form
hydrogen cyanide (prussic acid). Therefore
these materials must not be discarded into
the sink (see also section 5.2, Disposal of
laboratory wastes).

Mercury

When handling mercury, it must be made
sure that nobody will be exposed to mer-
cury vapours. Spilled mercury is to be ren-
dered harmless immediately, either by col-
lecting with a mercury pincer or by aspira-
tion into a mercury pipette or by chemical
reaction with iodated coal or Mercurisorb®
(see also section 5.2).

Ether

For the avoidance of explosions when dis-
tilling ether-containing solutions, caused
by peroxides contained therein, it is re-
quired to store ether always in brown bot-
tles over KOH pellets. The residues must
never be distilled off!

A test for peroxide contents may be per-
formed using special test sticks or rea-
gents (e. g. titanium(IV) sulphate or potas-
sium iodide). Peroxides can be removed
using iron(ll) sulphate.

Sodium

Sodium residues are removed as de-
scribed in section 5.2. Because of the re-
lease of hydrogen resulting in danger of
explosions, sodium must not be thrown
into water!



Explosive silver compounds

When working with solutions containing
ammonia and silver salts, it is to be kept
in mind that after a while a black precipi-
tate will be formed which partly consists of
explosive silver compounds and may deto-
nate violently upon touching, stirring or
shaking.

Caution:
This list is not complete!
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4 Chemical equipment

This chapters shows how to set up equip-
ment expediently for safe and reliable op-
erations.

It answers the following questions:

1. How to handle glassware without
danger of injury

2. How to separate stuck glass connectors

3. Which tools to use for circumvention of
dangerous manipulations on glassware

4. How to set up equipment expediently,
stably and shatter-proof

5. How to make possible flexible handling
of equipment during operations

6. Dangers from electromechanical tools

7. Risks in heating and cooling of
equipment

8. The most appropriate heating
and cooling instruments

9. Special safety measures for work
under reduced pressure

10.How to handle pressurized
gas cylinders

11. How to secure equipment which gases
are to be fed into

12.How to avoid leakage of toxic or
corrosive gases
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4.1 Handling laboratory glassware

Equipment in chemical laboratories con-
sists mostly of glass. In spite of all the ad-
vantages which this material has for
chemical work, its fragility poses a danger.
Injury from broken glassware with some-
times severe lacerations is among the
most frequent laboratory accidents. There-
fore in handling glassware it is of para-
mount importance to check all glassware
for integrity prior to use and to avoid any
violent handling. Basic training in the
techniques of glass-blowing provides the
chemist with the required skills in han-
dling glassware.

The following information is intended to
show how to avoid situations leading to
breakage and injury.

Breakage in placing and jolting

Position the glassware carefully, do not
bang it against the laboratory table, do not
place it upon uneven locations. Punctual
forces, such as grains of sand on tables,
are dangerous for glassware.

Breakage by twisting or bending

Glass is broken easily, therefore always
grip closely to the centre of gravity (short
lever). Do not use protruding ends (T piec-
es, bends of cooling devices etc.) as levers
when handling.

Cutting at sharp edges

Partially fractured edges of glassware re-
sult in injury from sharp borders. Such
glassware must not be used any longer.



Breakage when introducing glass tubes,
glass rods or thermometers into the bore
of a stopper or when mounting hoses on
the glass adaptors of cooling devices or
vacuum flasks

Try to avoid breakage by greasing the glass
surface with glycerine, followed by intro-
duction of the glass object with slightly
twisting movements with as short a lever
as possible. In addition, protect the hands
by wrapping a towel around them (see
picture 9). Screw closure bores offer more
safety.

Picture 9

Removal of stuck hoses

Cut off such hoses and carefully remove
the residues from the glass using a sharp
knife.

Detachment of stuck ground

glass connectors

Warm the ground glass connector using a
hair dryer (causing the bushing to expand
more quickly than the core), until the
connector can be detached easily using
twisting movements (with your hands pro-
tected!). As a remedy, use e. g. teflon
bushings or highly fluorinated fats in lieu
of vacuum grease.

4.2 Setting up chemical equipment
Breakage of equipment is among the
greatest risks of chemical laboratory prac-
tice, in particular because this may lead to
fire or to release of hazardous substances.
Therefore, several important safety princi-
ples must be observed as early as during
the set-up of an apparatus.

Avoid any improvisation resulting from
usage of inappropriate parts.

Equipment must be installed stably, free
from tensions and at safe locations. Ideal-
ly, they are fixed using clamps and sockets
on stationary struts. If individual (mova-
ble) struts must be used, the apparatus is
to be centred above the centre of gravity,
i.e. above the base plate of the strut.
Wobbly struts must not be used.

No excess pressure must be able to build
up in the equipment (with the exception of
pressurized reactors); therefore the equip-
ment must comprise an expansion valve
for equalizing pressure with the external
atmosphere.
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The contents of the apparatus may be pro-
tected from atmospheric moisture by using
drying tubes, necessitating the use of dry-
ing materials which cannot cake and clog
the tube (e.g. drying materials on carriers)
nor react with chemicals of the reaction
(e.g. no CaCl, when working with amines).

Equipment is essentially set up vertically.
First fix the reaction vessel (or the distilla-
tion flask etc.) safely. Position it consider-
ing that heating and cooling baths must
be removable without modifications to the
apparatus. Add further components of the
apparatus by attaching them to the adap-
tors of the flask and securing them with
clamps. In clamping, neither loosen
ground glass connectors nor cause ten-
sions by tilting. Agitator shafts in particu-
lar must be connected tightly and safely to
the reaction vessel.

Electrical equipment must be in impeccable
technical condition. Devices with damaged
cables, plugs or contacts must be removed
and repaired by a specialist. Home-made
devices in particular must be controlled for
operating safety by a specialist in accord-
ance with the relevant regulations.

The functioning of equipment, e. g. of the
cooling water system, agitators, electrical
motors, vacuum tightness, must be veri-
fied before loading any apparatus with
chemicals. Hoses must be attached safely
(e.g. using clamps).
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4.3  Heating of equipment
Chemical reactions pose a particular haz-
ard when working at elevated tempera-
ture, especially when heating flammable
solvents. The following information is in-
tended to avoid the resulting risks.

All heated apparatuses with flammable
contents must be equipped with condens-
ers for the retention of volatile, flammable
substances.

Heat sources must always be attached in
such a way that they can be removed with-
out modification of the apparatus. Labora-
tory hoisting platforms are best-suited to
this purpose (see pictures 10 and 11).

Equipment containing flammable or ther-
mally labile substances must never be
heated directly with an open flame, not
even above a wire net or sand-bath. Direct
heating in the air bath with an electric
heating mantle is possible but recom-
mended only when uniform distribution of
the heat is guaranteed, e. g. by stirring.

Uniform boiling of liquids must be guar-
anteed by adding boiling chips or perma-
nently stirring since otherwise superheat-
ing and violent bumping must be expected.

The safest heating method is to use liquid
heating baths, rendering possible heat
transfer at low temperature differences.

Heating baths with gas burners may be
used only in combination with non-flam-



Picture 11
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mable liquids and under constant supervi-
sion. Continuously variable electric heating
plates are preferred and generally applica-
ble. For equipment intended to run with-
out supervision, self-regulating systems
with thermostatic control of the heating
bath are indispensable. Protection from
superheating is required to guard against
the consequences of a failure of the regu-
latory unit.

Water baths can be overlaid with a thin
paraffin film to protect them from drying
up. They must not be used if the apparatus
contains alkali metals, their hydrides or
other substances which may react violently
with water.

Heating bath liquids have a maximum
operating temperature, above which they
may decompose and form noxious vapours
or even inflame.

Hot heating baths are dangerous. They
must be set up to be safe from tilting.
Significant volume expansion of the liquid
during heating must be anticipated.

Infiltration of water can lead to violent
squirting of the hot bath liquid. Therefore
cooling water adaptors above oil baths
must be checked for tightness. Dripping
down of condensed water must be pre-
vented by attaching a paper collar.

Heating using a hot-air blower

When baking out equipment, make sure
there are no flammable liquids in the dan-
ger zone. The hot-air blower may be set
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down only at a safe location outside the
hood.
4.4 Cooling

For cooling, ice, ice/salt mixtures (sodium
chloride down to approx. -21 °C, calcium
chloride down to approx. -55 °C),
solvent/dry ice mixtures (down to -78 °C)
or liquid nitrogen (-196 °C) are used. De-
war vessels, frequently used for isolation,
are inwardly reflective hollow glass struc-
tures and thus in danger of implosion. On-
ly vessels equipped with protective clead-
ing may be used; avoid mechanical stress
(mind the immersion depth!). Today, high-
ly isolated metal Dewar vessels are com-
mercially available which do not pose a
danger of implosion. In many cases, De-
wars may be replaced with breakage-
proof vessels of foam plastic.

For dry ice cooling, flammable organic
solvents are frequently used as transfer
media. The resulting fire hazard is to be
kept in mind; open fire must be kept off.
Frequently used media are acetone or
methanol. Isopropanol, however, is rec-
ommended; its advantages are its low tox-
icity and its high viscosity which prevents
squirting when dry ice is added.

For deep cooling, liquid nitrogen (boiling
point =196 °C) is used. After prolonged pe-
riods of time, atmospheric oxygen may be
absorbed, which becomes visible by the
blue colour. Because of the high oxidative
potential of liquid oxygen, such mixtures
may no longer be used. They should be



destroyed by evaporation, e.g. by pouring
out outdoors.

4.5 Special information

Stirrers and centrifuges

Never reach into equipment in motion.
Stirrers or centrifuges must be powered up
or down slowly and gradually. In case of

unusual noises, immediately turn off and
inspect.

Sand baths

Calcined sea or river sand is suitable for
filling. Replace contaminated sand at
once. Sand baths may be used only if the
non-uniform temperature distribution oc-
curring therein, especially during contin-
ued heating, does not result in any hazard.

Devices for melting point determination
These devices must not be filled with con-
centrated sulphuric acid. Suitable bath lig-
uids are, e.g., silicone oils. Metal block or
electrically heated liquid melting point de-
termination devices are recommended.

Drying cabinets

Products which upon drying may release
flammable gases or vapours must not be
dried in drying cabinets without explosion
protection.

Refrigerators

Flammable liquids may be stored only in
refrigerators whose inside is explosion-
proof. Pay attention to storing the vessels
in an upright position and secured against
tilting; stoppers, plugs and the like are to
be secured (see picture 12).

4.6.  Special methods

4.6.1  Work under reduced pressure
In chemical laboratories work is frequently
performed under reduced pressure.

Typical examples comprise distillation or
sublimation in vacuum, aspiration of pre-
cipitates, drying. The equipment used to
these ends must resist considerable strain
by external pressure.

With the vacuum connected, the pressure
load amounts to approximately 1000 hPa
(=100’000 pascals = 100’000 N/m2 glass
surface), almost independent of the pump
used.

It is a popular fallacy that work under wa-
ter aspiration vacuum is harmless in com-
parison to high vacuum. In fact, the pres-
sure strains differ only by 10-20 hPa
(1000-2000 pascals). Even during aspira-
tion of precipitates, the Biichner flask
reaches strains of 300-800 hPa (30°000 -
80’000 pascals). Breakage due to strain
under reduced pressure leads to implo-
sion, and flying fragments may cause se-
vere injury. Therefore it goes without say-
ing that vacuum work in glass apparatuses
must be performed with special caution
and compliance with the safety rules.

When working under reduced pressure,
sufficient protection is mandatory. If possi-
ble, the vacuum is to be limited to the de-
gree required for the experiment. Vacuum
regulation is recommended.
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Use only glass equipment with undam-
aged surface (visual inspection!). Make
sure there is no additional strain due to
tensions caused by twisted fixing of appa-
ratuses. Evacuated components must not
be heated on one side only.

For work under reduced pressure, use
glassware with convex surface only (e. g.
round-bottomed flasks). Never use Erlen-
meyer flasks or other flat-bottomed ves-
sels. In deviation from this, thick-walled
vessels specifically designed for vacuum
work may be used (Biichner flasks, exsic-
cators). They must not be heated on one
side only!

Picture 12: Consequences of using a

fridge that was not explosion-proof
Picture 13
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When aspirating, pay attention to good fit-
ting of the rubber collars between the suc-
tion filter and the Biichner flask; sudden
slippage of the collar may cause breaking
of the flask.

Operate and store evacuated equipment
only in locations protected from inadvert-
ent tilting or dropping of objects.

Use of protective shields or wire baskets,
especially for large-volume vacuum appa-
ratuses, is an effective splinter protection
in case of implosions. Exsiccators and De-
war vessels can be secured by covering the
surface with transparent film (see picture
13). Plastic-covered equipment is also
commercially available.




4.6.2 Working with gases

Gases are often used as starting materials
or protective gases in chemical reactions or
can be produced by chemical reactions.
They are also used as auxiliary material in
some analytic procedures. Handling of
gases is always problematic: Gases will
diffuse very quickly into the laboratory at-
mosphere, with flammable gases then eas-
ily forming ignitable mixtures, and toxic
gases will endanger people already at very
low concentrations. Special hazards result
from work with gases under pressure.
4.6.3 Pressurized gas cylinders
General issues

Most gases are marketed in compressed
form (liquefied or under high pressure) in

pressurized gas cylinders. Pressurized gas
cylinders pose a hazard in their own right,
since they may explode upon inappropri-
ate handling (tilting, excessive heat). This
leads to some mandatory safety rules.

If possible, pressurized gas cylinders
should not even be brought into the lab,
since in case of fire they present an addi-
tional risk for fire-fighters. The safest pos-
sibility is to supply the laboratory from ex-
ternally located cylinders via a pressurized
pipeline. Storing the pressurized gas cylin-
ders in lagged and ventilated lockers close
to the station in the lab is likewise an ef-
fective measure. If none of these possibili-
ties exist, pressurized gas cylinders may be
brought to the station only for experiments
and must be returned to the designated
safe storage room immediately afterwards.

Picture 14:

Pressurized gas cylin-
ders must be secured
by chaining up against
tilting both during
transport on the carts
designed for this pur-
pose and on-site.
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Picture 15
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When the cylinder is not in use, its valve
must be secured by screwing on the pro-
tective cup.

In the laboratory, toxic or corrosive gases
should be used only in small cylinders
which can be directly placed into a fume
hood.

Operation and release

Behind the cylinder valve, pressurized gas
cylinders feature a screw thread for
mounting the release valve. If possible, re-
ducing regulators must be used (see pic-
tures 15 and 16). Needle valves are no re-
ducing regulators, only flow restrictors
(see picture 17). For this reason they
should be used only in case no reducing
regulators are available (e.g. for certain
liquefied gases). Only release valves ap-
proved for the individual gas may be used.
Valves may be installed by trained staff on-
ly. With strongly oxidizing gases, the valves
must be kept free of oil, fat and glycerine.

For releasing gas, first open the main
valve with the release valve still closed. If
the main valve cannot be opened by hand,
the cylinder must not be used and is to be
returned to the specialists. Vice versa, the
use of tools for closing the main valve is
not permissible. (Stuck main valves are
observed in particular with corrosive gas-
es; just here inappropriate handling regu-
larly results in dangerous situations.) Fi-
nally, for release the fine adjustment valve
is opened carefully to adjust the gas flow
desired.

Needle valves for corrosive gases must be
cleaned by flushing and blowing out im-
mediately after completion of each indi-
vidual experiment, since otherwise mal-
function during the next operation may
result.

Emptied cylinders should still have some
residual pressure. They must be marked
unambiguously as being emptied.

Feeding of gases

Gases are fed into reaction apparatuses via
hoses secured with clamps, the hoses be-
ing resistant to the gas used (see picture
18). Silicone hoses are universally applica-
ble. Gases may be fed into apparatuses
only after it has been made sure that no
excess pressure may be built up in the ap-
paratus. A safety buckling is expedient,
which offers the further advantage of pre-
venting reflux of the reaction mixture to
the gas cylinder and in particular mixing
with drying liquids (e. g. concentrated sul-
phuric acid).

When feeding leads to solid reaction prod-
ucts, there is the danger of clogging of the
feeding tube and uncontrolled build-up of
pressure in the infeed system. Such reac-
tions necessitate permanent observation.
There are special feeding systems which
allow mechanical removal of solids from
the feeding tube without the need for
opening the apparatus.
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Picture 18

All gas feeding systems must comprise a
zero-pressure release aperture with a
draining hose leading directly to the duct
of the hood. A bubble counter inserted in
between additionally allows to control gas
absorption in the reaction.

The release of major amounts of unreact-
ed toxic or corrosive gases into the hood
system must be prevented. This is done by
absorbing the gases into appropriate reac-
tion media (e. g. diluted soda lye for phos-
gene). Such additional devices have the
character of reaction apparatuses and
must correspond to the same safety con-
siderations as previously described. E. g.,
the amount of absorption solution must
correspond to the gas volume expected; in
exothermic reactions cooling must be pro-
vided, and care must be taken to ensure
that the solubility of solids formed is not
exceeded.
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4.6.4, Working with autoclaves

Reactions under pressure may be per-
formed only in suitable and approved
pressure vessels (laboratory autoclaves,
see picture 19a).

Picture 19a: Manual autoclave with

hotplate stirrer




Pressure vessels must be designed,
equipped, installed and operated in ac-
cordance with the regulations of the Ordi-
nance on Industrial Safety and Health and
the relevant technical rules.

Students may work with pressure vessels
only after instruction and under supervi-
sion of the assistant in charge. In pressure
vessels for experimental purposes, known
reactions with pre-determined maximum
degrees of filling may be performed, if the
permitted maximum operating pressure
and temperature are not exceeded. Expe-
diently, prior to any operation of a pres-
sure vessel the measurement devices for
pressure and temperature and leak-tight-
ness are checked. Both filling and empty-
ing of the pressure vessels may be per-
formed only in fume hoods or under local
aspiration. Pressure vessels may not be
opened before bleeding to atmosphere
pressure levels.

For reactions under pressure where the
pressures and temperatures to be expected
are not reliably known, so called experi-
mental autoclaves must be used. For the
protection of persons, in particular in case
of autoclave failure, the autoclaves must be
installed in separate rooms (autoclave
rooms). Observation of the measurement
and safety devices must be performed from
a safe place. During the operation of ex-
perimental autoclaves, pressure and tem-
perature must be continuously monitored
and recorded.

If there is any danger that the permissible
operating temperatures or pressures are
exceeded, the experiment must be stopped
immediately (heating, off, emergency
cooling if required).

After each use, or after completion of an
experimental series if applicable, the
autoclave must be examined by a compe-
tent person. If any damage should be
found, or if permissible operating temper-
atures or pressures have been exceeded,
the autoclave must be tested for further
usability by an approved authority such as
the Technical Supervisory Association
(TOv).

Glass autoclaves may be operated only in
hoods complying with the norms or, pref-
erably, in a separate autoclave room. The
glass autoclave must be surrounded by a
basket wire acting
as splinter shield

(see picture 19b).

Picture 19b: Glass autoclave
with wire basket
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Because of the high hazard potential of
glass autoclaves, students should use
metal autoclaves wherever possible!
4.6.5 Working with Carius tubes

Carius tubes (fused, thick-walled glass
vessels) are a special form of pressure ves-

sels. They can be used with reduced (vacu-
um) or increased internal pressure.

If the glass is damaged or of insufficient
quality, reduced pressure may lead to im-
plosions, and increased pressure to explo-
sions. In both cases, destruction of the
tube may result if reactions performed in
the tube run away. When a reaction is per-
formed in a Carius tube, only the external
temperature can be determined directly,
all other parameters may be calculated at
best. Carius tubes are no approved pres-
sure vessels (see item 4.6.4). Because of
the inherent dangers they may be used
only if they cannot be replaced with other,
less dangerous equipment, e. g. for per-
forming and observing chemical transport
reactions.

Carius tubes of thick-walled (1 to 3 mm),
chemically and thermally particularly re-
sistant special glass can be used up to ap-
proximately 30 bar and 400 °C. However,
above 300 °C water is strongly corrosive to
glass. It is of particular importance that
the tubes are fused without strain, and the
portions of the tube which are exposed to
the flame are not wetted with the chemi-
cals filled in (use funnel for loading, pay
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attention to careful handling, freeze the
contents prior to fusing if required).

Loading and opening of the tubes must be
performed in such a way that nobody’s
health can be affected by hazardous sub-
stances contained therein, i.e. in a fume
hood! The most important protective
measure is effective splinter protection
(e.g. outer tubes of steel, wrapping into
splinter-absorbing material, protective
walls, separate room if applicable). Carius
tubes may be opened only if it can be as-
sumed that potential excess pressure has
been reduced by cooling (do the calcula-
tion!). Even in this case use splinter pro-
tection, especially for the hands! The aper-
ture thus formed must point away from
the body.

Students may work with Carius tubes only
after practical instruction and under per-
manent supervision by the assistant in
charge. Fusing of the tubes should be
done by a glass-blower.



5 Cleaning and disposal

5.1 Cleaning glassware

When cleaning glassware, there is danger
of contamination with more or less un-
known substances, e.g. by-products of a
synthesis. Safe and expedient cleaning is
done as follows:
Immediately clean contami-
nated vessels or other equip-
ment. Do not allow residues
to stand in vessels.

When cleaning, wear protec-

tive gloves and goggles. Be-
ware of glass breakage and
injury by cutting during me-

chanical cleaning. Remove
grease using a paper towel and benzine if

required.

|‘ |: vents (e.g. acetone, ethanol,
benzine). Dispose of the rins-

ing fluid as special waste.

To avoid breakage, solvents should be

stored close to the sink unit in plastic

squirting bottles.

A

Aggressive cleaning agents (e.g. concen-
trated nitric acid, concentrated sulphuric

Flush residual chemicals
from the vessels using suita-
ble, preferably non-toxic sol-

Do not place equipment
rinsed with solvents into the
drying cabinet for drying.

acid) may be used only if other cleaning
agents have been found useless.

Dichromate sulphuric acid may be used
only exceptionally and for cause (for dis-
posal, see section 5.2). Before usage, as-
certain that the residual contents of the
vessels cannot lead to hazardous reactions
with the cleaning agent.

In many case, the aforesaid cleaning
agents can be replaced with commercially
available special detergents.

Only after pre-cleaning as described,
cleaning with commercially available de-
tergents is performed.

5.2 Disposal of laboratory wastes

All wastes must be disposed
of. Disposal is regulated by
the Act for Promoting Closed
Substance Cycle Waste Man-
agement and Ensuring Envi-
ronmentally Compatible Waste Disposal
(Gesetz zur Forderung der Kreislaufwirt-
schaft und Sicherung der umweltvertragli-
chen Beseitigung von Abfdllen), a.k.a. Re-
cycling and Disposal Act.

All wastes exempt from disposal by the
municipalities must be properly disposed
of by the owner; in accordance with the
Ordinance on Documentation of Re-utili-
zation and Disposal (Verordnung iiber
Verwertungs- und Beseitigungsnach-
weise), proof must be furnished, e. g. for
chemical special wastes.
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The obligation to dispose of wastes should
be self-evident to everybody handling
chemicals even without legal regulations,
since wrong handling may result in dam-
age to persons, property and environment.

Disposal does not only mean to collect lab-
oratory wastes and to dispose them jointly
in accordance with internal guidelines, but
also to avoid emissions and to convert vari-
ous small amounts of wastes to harmless
compounds by suitable chemical reactions.
This chapter can only present a few hints in
short form relating to the praxis of disposal
in the laboratory and suggest to get famil-
iarin any individual case, prior to begin-
ning any work, with corresponding ways of
disposal as well.

Organic solvent wastes are to be disposed
generally. When collecting them, it must
be kept in mind that in glass vessels only
up to 5 1, in fracture-proof vessels only up
to 10 | may be collected. Vessels with a
nominal capacity of more than 5| must be
electrostatically conductive and grounded
during decanting. Before pouring wastes
into the collection container, a mixing ex-
periment should be performed in the test
tube.

Heavy metal salts and their solutions must
be collected in separate containers.

Mercury wastes should be collected sepa-
rately and recycled.

Filter and aspiration masses form a sepa-
rate group, also comprising chromato-
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graphic plates and the contents of chro-
matographic columns. They are to be col-
lected and disposed of separately.

Fine chemicals are sent to disposal in the
original bottles.

In accordance with the Recycling and Dis-
posal Act, waste oil from vacuum pumps
and heating baths which is contaminated
by laboratory work must be disposed of as
strongly contaminated waste oil.

If in spite of the good detergents available
today dichromate sulphuric acid must still
be used, it is to be collected in separate
containers and disposed of.

Disposal measures which may release
noxious gases must be performed in a
fume hood.

5.3 Disposal of minimal amounts

For minimal amounts of wastes, detoxifi-
cation by the laboratory staff is often ad-
visable or necessary.

Disposal of minimal amounts necessitates
properly functioning hoods; it may be per-
formed only by persons with appropriate
know-how and in compliance with the
protective measures required in the indi-
vidual case.

The Operating Procedures are to be writ-
ten carefully, and the executing persons
(also and in particular including students!)
are to be instructed in detail.



The Operating Procedures listed are care-
fully researched; however, the practitioner
is under obligation to check and, if neces-
sary in the individual case, modify the
possibilities with regard to his product.

Alkali metals

Alkali metals are fed, under stirring, into a
suitable alcohol (ethanol for sodium, iso-
propanol for potassium) which is provided

in an inert solvent (e. g. petrol ether 40/60).

The apparatus used to this end consists of
a multi-necked flask, a Dimroth condenser
with metal cooling coil and a magnetic or
sealed precision glass (KPG) stirrer. The
hydrogen released is directly fed into the
hood duct via a hose connected to the exit
of the cooler. The alcoholate solution is
hydrolysed, neutralized and finally dis-
posed of as a solvent.

If there is sodium in wire form in the flask
after drying a halogen-free solvent such as
diethyl ether, cyclohexane or toluene,
slowly and dropwise add the alcohol to
the residue of the solvent remaining in the
flask.

Prior to hydrolysis of the alcoholate, add
several millilitres of a mixture of 1 part
water and 4 parts alcohol to increase pro-
ton activity and remove residual traces of
the alkali metal.

Bromine
Elementary bromine should primarily be
recycled. Smaller amounts may be re-

duced with an aqueous solution of sodium
thiosulphate to form bromide.

Hydrides

In a three-necked flask with stirrer and
Dimroth condenser with metal cooling coil
and dropping funnel, react alkali boron
hydrides with ethanol, alkali hydrides and
alkali amides with isopropanol from a
dropping funnel. The hydrogen released is
directly fed into the hood duct via a hose
connected to the exit of the cooler.

Handling of lithium aluminium hydrides
has resulted in a number of of accidents
and fires. The following method of dispos-
al is tried and tested and offers a high de-
gree of safety.

In a three-necked flask with stirrer and
Dimroth condenser with metal cooling coil
and dropping funnel with pressure com-
pensator, react the lithium aluminium hy-
dride under inert atmosphere (argon or
nitrogen) with ethyl acetate or acetone.
The two reagents, which are converted to
ethanol or isopropanol, respectively, dur-
ing the reaction, prevent formation of hy-
drogen. The reagent solution should con-
sist of 1 part of the reagent and 4 parts of
ether; during adding, it should not come
into contact with the wall of the flask to
avoid formation of inclusion nests of un-
converted lithium aluminium hydride.

lodine

In analogy to bromine, elementary iodine
is disposed of by reducing it with an aque-
ous solution of sodium thiosulphate.
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Phosphorus, white

White phosphorous is pre-loaded into a
multi-necked flask under inert gas. In the
air stream subsequently conducted over
the phosphorus, the latter burns. The ox-
ides are neutralized in a collector contain-
ing an aqueous, alkaline solution.

Sulphuric acid, fuming (oleum)

Under cooling, the fuming sulphuric acid
is slowly and dropwise added to 50 % sul-
phuric acid. This is then disposed of as a
waste of the class Inorganic acids, acid
mixtures, acidic etchants.

Acid chlorides, acid anhydrides

The compounds (e.g. thionyl chloride -
S0Cl,, phosphorous pentachloride - PC;,
chlorosulphonic acid - CISO;H, acetate
anhydride) are added to 10 % sodium lye
under good cooling. Disposal is then per-

formed according to the resulting products.

Acid gases

(e.g. hydrogen bromide, chlorine, hydro-

gen chloride, hydrogen iodide, phosgene,

sulphur dioxide) are fed over a coarse frit

into 20% sodium lye, under stirring if pos-
sible.

Raney nickel

as an aqueous slurry is mixed with hydro-
chloric acid under stirring. The solution
containing the heavy metal salt is disposed
of as Rinsing and washing water contain-
ing metal salts. In no case, Raney nickel
and filter papers with residues may be-
come dry because this will lead to self-ig-
nition when exposed to air!

42

Dimethyl and diethyl sulphate

are powerful alkylating reagents. They
must be handled in a fume hood; when
working with them, protective gloves must
be worn to protect the skin from splatters.
Disposal is then performed by dripping the
reagents into a stirred, concentrated, ice-
cooled ammonia solution.

Cyanides (e. g. sodium cyanide, potassium
cyanide, hydrogen cyanide)

In aqueous solution at a pH of 10-11, all
cyanides can be oxidized with a surplus of
hydrogen peroxide (H,0,) to the the corre-
sponding cyanates. At a pH of 8 -9, the
cyanate is oxidized with additional hydro-
gen peroxide to form carbon dioxide and
nitrogen.

Organic lithium compounds (n-butyl and
tertiary butyl lithium)

Destruction of these oxygen-sensitive lithi-
um compounds is achieved by slowly add-
ing isopropanol under inert gas (argon,
nitrogen). The isopropanolate is hydro-
lysed with water, the solution is disposed
of as Solvent mixture without halogenated
organic solvents.

Sicapent®

Place the desiccant Sicapent® over water
into an exsiccator so that it can become
completely hydrated. Add the wet Sicapent
to water and neutralize with sodium lye.
Filter off the carrier material and discard it
together with the filter. Pour the aqueous
solution into the waste water.



6 Dangers of fire and explosions

This chapter shows how to avoid fire and
explosions which may result from chemi-
cal work. It answers the following ques-
tions:

1. How to work with flammable liquids,
and how their hazard classes are de-
fined

2. Which are the spontaneously flamma-
ble substances used most frequently in
the laboratory, and how they are han-
dled

3. What are potentially explosive sub-
stances and mixtures, and which class-
es of substances and mixtures must be
assumed to be potentially explosive

4. What is to be observed in exothermic
reactions

5. Which hazards arise from decomposi-
tion reactions, and substance classes
where the possibility of such reactions
must be assumed

6. Fire protection devices that need to be
present, and things to be observed
when using them

6.1 Flammable liquids

Many liquids used in the laboratory are
flammable. In certain concentration ranges
which can be learned from tables, their
vapours form potentially explosive mix-
tures with air.

Flammability must be paid attention to
when performing chemical reactions, dis-
tilling, extracting and storing chemicals,
but above all when handling them openly.
Here it is to be kept in mind that the den-
sity of the gases and vapours is almost al-
ways higher than that of air.

Thus, the vapours creep across the bench-
es or the floor and may ignite at complete-
ly unforeseen locations.

When bottling and decanting flammable
liquids, there is danger of ignition by elec-
trostatic charge. Metal vessels must there-
fore be grounded.

When flammable liquids are spilled or
leaked, even in relatively small amounts,
first extinguish all open flames in the vi-
cinity.

If the amounts are larger, the laboratory
colleagues must be warned and instructed
to leave the room. In case of fire, dispose
of the spilled substance only after all fires
have been quenched and sufficient aera-
tion provided.
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Flammable liquids may be stored at the
workplace only in the amounts absolutely
indispensable for normal work.

Keep in mind that crammed shelves pose
the danger of accidentally throwing down
bottles.

Storage

The Ordinance on Hazardous Substances
classifies flammable liquids essentially
according to their flashpoint and partly
according to their boiling point:

The flashpoint is the lowest temperature
where under certain experimental condi-
tions the liquid will produce sufficient
amounts of vapours so that when mixed
with air an ignition source may cause in-
flammation.

(butan-2-ol above 24 °C, superheated oil
baths).

Flammable liquids with a flashpoint below
21 °C (highly and extremely flammable lig-
uids; previously liquids of hazard classes
Al, All and B) may be stored at the work-
place only for ordinary use in vessels with
a nominal volume of no more than 1 1. The
number of such vessels is to be limited to
the absolutely necessary minimum.

For laboratories where larger amounts of
flammable liquids are continuously need-
ed for progress of the work, storage in
non-fracture proof containers with a ca-
pacity of up to 5 | or in fracture-proof con-
tainers with a capacity of upto10lana
protected location is permissible.

Indication R phrase |Hazard Flash point Boiling | Example
of danger symbol point

Extremely flammable | R 12 F* <0°C <35°C acetaldehyde
Highly flammable R11 F <21°C acetone
Flammable R 10 none 21°C<FP <55°C butan-2-ol
None none none (21°C*) 55 °C < FP cis-decaline

Thus, only flammable liquids with a flash-
point below 21 °C show the flame symbol
in the labelling. Some do not comprise any
indicator of their flammable properties,
i.e. neither flame symbol nor indication of
danger (R phrase)! Still the vapours of all
flammable liquids can be ignited when
the liquid is heated above its flash point

It is recommended to use rooms or cabi-
nets equipped with aspiration and dyke
(e.g. according to DIN EN 14 470-1).

Apart from that, in the laboratory flamma-
ble liquids are to be stored in the existing
safety cabinets (e.g. according to DIN EN
14 470-1).

(*) In practice it was found that a composition with a flashpoint of no less than 21 °C and no more than 55 °C
does not need to be classified as flammable if it does not support combustion in any way and if in handling
this composition any hazard can be excluded for everyone. This includes, inter alia, several aqueous mixtures

of alcohols serving as disinfectants.
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Flammable solvents and reaction solutions
may be stored for cooling only in refrigera-
tors whose inside is explosion-proof. Make
sure the fridge to be used is marked ac-
cordingly.

6.2 Self-igniting substances

o] Substances which may spon-
taneously ignite upon contact
with air and/or water are an-
other cause for laboratory
fires or explosions. In com-
mon laboratory practise, these are partic-
ularly the alkali metals and their hydrides
and white phosphorus.

Raney nickel and a large number of orga-
nometallic compounds such as Ziegler-
Natta catalysts are likewise dangerous,
and their handling requires special work-
ing techniques.

Alkali metals react most violently with wa-
ter, releasing hydrogen, which can lead to
oxyhydrogen gas explosions. Potassium (in
particular older, encrusted preparations)
and sodium-potassium alloys may sponta-
neously ignite when exposed to air, hence
they must be weighed and crushed under
an inert solvent (e. g. high-boiling ben-
zine).

Alkali metal fires may be fought only with
dry sand or fire class D powder fire extin-
guishers. Caution: Do not use CO, fire ex-
tinguishers!

Alkali metals are frequently used for dry-
ing solvents, e.g. by pressing sodium wire
into the solvent. They may be used only for
solvents not reacting with alkali metals
(hydrocarbons, ether, tertiary amines).
With halogenated hydrocarbons, there is
danger of explosive reactions!

In modern laboratory practise, less dan-
gerous drying methods, e. g. use of molec-
ular sieves, should be preferred. Alkali
metal residues are disposed of as de-
scribed in section 5.3.

6.3 Potentially explosive substan-
ces and mixtures

The term potentially explosive
is used to denote substances
or mixtures of substances
which may, upon exposure to
thermal energy (heat, flames)
or mechanical energy (friction, shock),
spontaneously react so violently that high
release of energy and build-up of high
pressure result in very fast propagation of
shock waves.

Potential explosives are many organic ni-
troso and nitro compounds, highly nitrated
aromatic compounds, esters of nitric acid,
many compounds with N-N bonds (azo
and diazo compounds, hydrazoic acid,
azides), fulminates, NC,, ICl; and
acetylides, and also many peroxidic
compounds (peroxy acids, peroxy esters,
peroxides, hydroperoxides).
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Mixtures of oxidizing compounds such as
nitrates, chlorates, perchlorates, fuming
nitric acid, concentrated perchloric acid
and solutions of hydrogen peroxide (30 %)
with flammable and reducing agents may
be potentially explosive. For example,
fuming nitric acids reacts explosively with
acetone, ether, alcohol, turpentine.

Production of potentially explosive sub-
stances as well as their handling requires
knowledge of and practical experience with
special methods and particular safety meas-
ures. Any attempts to produce explosives in
the laboratory are most explicitly discour-
aged! This is forbidden by the provisions of
the Explosives Act. You jeopardize yourself
and others and will have to face civil and
penal consequences for any damage.

Exceptions for research laboratories are
regulated by the Explosives Act, which also
defines maximum amounts. When work-
ing under these exceptional permits, po-
tentially explosive substances and mixtures
are to be handled in the smallest amounts
possible and only at stations shielded on
all sides.

Avoid superheating, vicinity to flames,
sparks, shocks, friction and plugging (rigid
inclusion).

The reserves of such substances are to be
kept as small as possible. They are to be
stored at a place safe from flames and
heat, in closed containers and away from
the work stations, if possible in a separate
room.
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6.4 Exothermic reactions

THP

Many chemical reactions are
exothermic. If the heat pro-
duced is not dissipated suffi-
ciently, this leads to self-
heating of the reaction mix-
ture and thus to acceleration of the reac-
tion (runaway reaction).

As a consequence, uncontrolled boiling of
the solvent, discharge of the reaction mix-
ture from the apparatus or even violent,
explosive decomposition reactions may oc-
cur.

The danger of a runaway reaction is par-
ticularly great if exothermic reactions be-
gin only after an induction period. Exam-
ples include production of Grignard com-
pounds or nitration of reactive aromatic
compounds. For such reactions, provide
an effective cooling bath, and until a con-
trolled reaction is observed, avoid any sig-
nificant excess of reagent.

Uncontrolled exothermic reactions may al-
so occur during downstream processing,
in particular during inactivation of excess
reactive reagents such as acid haloge-
nides, alkali metal hydrides etc.

Exothermic reactions are controlled by
cooling the reaction vessel or by using re-
flux condensation.

It should be kept in mind here that good
mixing favours heat dissipation from the
reaction mass, whereas high viscosity or



solid precipitations on the cooling area re-
duce the passage of heat.

Exothermic reactions may also be control-
led by slow addition of one of the reaction
partners, by adding one of the reaction
partners in cooled form or by observation
of the sequence of the addition of reaction
partners (utilization of thermal capacity). If
substances are generated which may react
with water, then water must not be used
as a coolant.

In the context of exothermic reactions,
caution is advised in particular against a
significant increase in reaction volume.
Switching to a larger apparatus will
change the mass of substances and hence
the reaction heat in proportion to the third
power of the radius of the reaction vessel,
whereas the surface of the apparatus
which is available for hear dissipation will
change only in proportion to the second
power of the radius of the reaction vessel.

Thus the danger of self-heating increases
continually with increasing mass. There-
fore scaling up of the reaction should be
performed gradually and under constant
supervision for possible exothermic ef-
fects.

6.5

Decomposition reactions

Many substances or mixtures
prove unstable upon thermal
| or mechanic stress. Under
% certain circumstances, they
may decompose spontane-

ously with a high release of energy so that
decomposition may take an explosive
course.

In laboratory practice, excessive thermal
stress may occur during drying or distilling
of substances. When drying thermally un-
stable substances in heating cabinets, se-
lect the drying temperature and, if neces-
sary, secure it by an overheating control
mechanism so that decomposition cannot
be initiated.

As a precautionary measure, distillations
should be performed behind protective
shields.

During distillation, substances, in particu-
lar distillation residues, must never be
heated too strongly. If during the course of
a distillation process indicators for begin-
ning decomposition should appear (such
as sudden foaming, release of gas), a
spontaneous course of the decomposition
must be expected. If necessary, the danger
area is to be cleared and the people in the
vicinity are to be warned. The heat source
must be removed or switched off from a
safe location.

Some substances become mechanically
sensitive upon drying (removal of phleg-
matization). Examples include diazonium
salts and nitrophenolates. When handling
such substances, protect them from desic-
cation.

In laboratory practise, the mechanical and
thermal instability of organic peroxides in
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particular poses a latent danger. Peroxides
are formed in many organic solvents dur-
ing prolonged exposure to air.

Many organic compounds such as diethyl
ether, diisopropyl ether, dioxane and tet-
rahydrofurane, also unsaturated hydrocar-
bons such as tetraline, cumol, aldehydes,
ketones and solutions of these substances
tend to form peroxides.

Such peroxides are present only in very
low concentrations, but during distillation
they accumulate in the residues, and un-
der certain unforeseeable conditions they
may cause devastating explosions. The fact
that such accidents are rare leads to habit-
uation and hence to inappropriate neglect
of the safety precautions described below.

In addition it should be pointed out that
peroxides contained in the solvents used
will frequently affect purity and yield of
the reaction products.

Liquids inclined to form organic peroxides
are to be stored in the dark or in bottles of
dark glass or opaque material. Prior to
distillation or evaporation, they must be
examined for presence of peroxides and
be cleared of peroxides if required.

Upon receipt or after longer storage, the
aforesaid solvents must be tested for per-
oxides using a peroxide test stick.

Peroxide-containing solvents are purified

in accordance with suitable protocols from
the literature. New formation of peroxides
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is prevented by addition of oxidation in-
hibitors, by storage in dark bottles, but
most effectively, in particular for valuable
absolute solvents, under inert gas.

In all chemical syntheses involving perox-
ides, peroxy acids, hydrogen peroxide,
molecular oxygen or ozone, before down-
stream processing control for the presence
of peroxides, which are to be destroyed
using a reductive agent if required. Peroxi-
dic compounds as synthesis intermediates
should be handled only in diluted solu-
tions.

They should not be isolated in pure form.

6.6  Laboratory fire protection

Fire blanket

In laboratories, fire blankets and hand-
held fire extinguishers are to be provided
in easily accessible locations.

Close to the exits, emergency showers are
installed. They must be tested once a
month for proper functionality.
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Small fires are to be fought with the exist-
ing extinguishing equipment if this can be
done without danger.

If the fire is about to expand and get out of
control, inform the fire brigade immedi-
ately.

Burning clothing must be extinguished
under the emergency shower, with fire ex-
tinguishers or fire blankets. (Highly vola-
tile solvents often permeate the tissue of
the fire blankets and may then ignite
again.) If necessary, rolling on the floor,
supported by covering with clothes and
the like, may extinguish the fire. Burning
clothing is to be thrown off as quickly as
possible.

In case of major fires of
clothing, in particular involv-
ing solvents, do not allow
burning persons to run away
as this will help to spread the
fire, but floor them and then extinguish
the fire.

2k

EXTINGUISHER

ABC-POWDER puéa

For quenching of laboratory fires, powder
extinguishers and carbon dioxide extin-
guishers are suitable. The latter do not
leave residues and may be preferable in
the vicinity of valuable measurement de-
vices and the like.

i Fires of alkali metals and
(A m other reactive metals, metal
& alkyles, lithium aluminium
hydride, silanes and related
substances are preferably
quenched using extinguishing sand or
powder. Under no circumstances may such
fires be fought with water! Carbon dioxide
extinguishers are likewise unsuitable.

Anybody working in a laboratory should
familiarize himself or herself with the
type, location and proper usage of the ex-
isting extinction equipment prior to begin-
ning work in the lab.

Fire extinguishers must be controlled eve-
ry two years (seal of approval!).
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7 Working with electrical equipment

This chapter describes the dangers arising
from incorrect use of electrical devices,
and how to avoid them.

71 Accidents with electricity

Most accidents with electricity

are caused by using damaged

or unsuitable electrical

equipment or installations.
Accidents may also result from incorrect
repairs by laymen.

The most important measure is insulation
to protect from touching live (i.e. ener-
gised) parts.

It is mandatory to observe the following
rules:

» When working in the lab, use electrical
equipment only in accordance with the
operating instructions.

* Equipment and devices must be in im-
peccable condition.

» The settings of safety devices must not
be altered.

* Do not use any wet electrical equip-
ment.

* In case of damage or unusual operat-
ing states, switch off the equipment or
device and report to an electricity spe-
cialist.

* Do not continue to use defective equip-
ment; remove it from usage by others
and alert them to the dangers.
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Maintenance and repair work by lay-
men in the field of electro-technics is
not permissible, in particular not on
live parts.

 Electrical equipment and devices must
comply with the generally recognized
rules of technology, in particular the
regulations issued by the Society of
German Electricians (Verband Deut-
scher Elektrotechniker e.V., VDE), and
must be inspected in regular intervals
for proper condition by an electricity
specialist or a person skilled in electro-
technics and instructed and supervised
by an electricity specialist. These regu-
lations likewise apply to home-made
devices.

* For electrical equipment used in labo-
ratories, such as

- rotary evaporators

- mobile analysis devices

- heaters

- measurement devices

- mains-operated table lamps
- stirrers

- extension and adaptor cables

the inspection intervals regularly amount
to 12 months in case of normal operational
demands see information «Priifung orts-
veranderlicher elektrischer Betriebsmittel»
(BGI/GUV-I 8524).

* Work on electrical devices and equip-
ment may be performed only by elec-
tricity specialists.

Electricity specialists are defined by the
accident prevention regulation



«Elektrische Anlagen und Betriebsmittel»
(BGV/GUV-V A3) as follows:

The term electricity specialist denotes a
person who is capable, by virtue of his/her
vocational training, knowledge and expe-
rience as well as knowledge of the rele-
vant regulations, to judge the tasks en-
trusted to him/her and to detect potential
dangers.

7.2 Physiological effects of
electric currents

If a person gets into an electric circuit, his/
her body acts as a resistor. O0hm’s Law is
applicable: U=R x 1.

The electric resistance of the human body
can be assumed to amount to approximate-
ly R =1000 Q, resulting in the possibility of
dangerous currents even at low voltage:

At a nominal voltage of 230 V, a current of
230 mA can flow through the body.

Studies have shown that for 50 Hz AC the
maximum which can be tolerated by hu-
man beings is a current of | = 25 mA.

DC and AC of higher frequency result in
slightly more favourable values. However,
even brief shocks of lower current intensity
may lead to secondary accidents, e. g. fall-
ing from a ladder.

With regard to the physiological effects of
a current through the body, we may dis-
criminate the following four ranges:

Slight increase in blood pressure, above

10 mA muscle spasms, sticking (let-go lim-
it) to the live part, after longer periods
spasms of the respiratory muscles.

P> Generally not lethal.

If the circuit includes the heart, cardiac ar-
rest and respiratory paralysis due to mus-
cle spasms may result; after 30 sec, ven-
tricular fibrillation is possible, and oxygen
transport to the tissues is blocked.

P Circulatory failure may lead to death.

Severe increase in blood pressure, spasms
of the respiratory muscles, high probabili-
ty for ventricular fibrillation after exposi-
tion to the current as short as 0.3 sec.

Frequently, spontaneous cardiac arrest oc-
curs during exposition to the current, often
no ventricular fibrillation, but thermal ef-
fects of electricity (burns by electric arc).
Currents of these dimensions generally oc-
cur in high-voltage accidents. In addition
to the electrical flow-through, there may
be external burns.

P Death often only after days or weeks.
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8 Working with radiation

This chapter provides rules for handling
radioactive material. It answers the ques-

tions:
C How to protect from external and
internal irradiation.

A How to avoid contamination.

Furthermore it provides information for
working safely with X-rays and with in-
tense light sources.

8.1 Working with radioactivity

According to § 3 of the Ordinance on Pre-
vention of Damage by lonising Radiation,
a.k.a. Radiation Protection Ordinance
(Verordnung tber den Schutz vor Schaden
durch ionisierende Strahlung or Strahlens-
chutzverordnung, July 20th, 2001), han-
dling of radioactive substances includes
preparation, production, storage, process-
ing, other uses and disposal of radioactive
substances, so that laboratory work is also
covered by the scope of this ordinance.

If any work relating to radioactive sub-
stances is to be performed which exceeds
the extent of the activities not requiring
authorisation as listed in Annex | to the
Radiation Protection Ordinance, the com-
petent authorities are to be notified, and
the work must not be performed before
authorisation has been granted. Activities
not requiring authorisation include work
with radioactive substances below certain
permitted limits.
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8.1.1  Rules for handling

radioactive substances

When working with radioactive substanc-
es, dangers for the laboratory staff may
result from the possibility of

o external irradiation,

* incorporation of radioactive substances
and thus danger by internal irradiation,

* contamination e.g. of the skin. Contami-
nation results in external irradiation
with a radiation source: body distance
of zero. There may, however, also be the
danger of resorption of radioactive sub-
stances through the skin into the body.

These dangers can be avoided or at least
minimized by instructing the laboratory
staff in accordance with § 38 of the Radia-
tion Protection Ordinance before handling
any radioactive materials. Instruction is to
be performed on the basis of the radiation
protection directive to be produced in ac-
cordance with § 34 of the Radiation Pro-
tection Ordinance.

The radiation protection directive and in-
struction must comprise and relate to the
relevant contents of the Radiation Protec-
tion Ordinance and the notice of approval,
as well as guidelines and norms. In any
case, they must take into account the spe-
cific dangers of the individual radioactive
substance to be handled (physical and
chemical properties and type of radiation:
a, B and/or vy rays).

Thus, only general provisions for working
safely can be described here. These are:



Protection from external
irradiation

8.1.2

1. Protection from external irradiation
when working with ry-emitting nuclides

Keep your distance!

The dose rate decreases in
proportion to the square of
the distance from the radia-
tion source (and in addition, linear to the
activity of the source).

Shielding measures

can be implemented e. g.
with mobile lead walls or
lead building blocks enclos-
ing the radiation source. The required
thickness of the lead depends on the activ-
ity and energy of the -y emitters and on the
(inevitable) exposition time of the lab staff.

2. Protection from external irradiation
when working with 3-emitting nuclides

Keep your distance!

This applies in particular to
nuclides with energies in ex-
cess of 200 keV. The dose rate
decreases in proportion to
the square of the distance from the radia-
tion source, but in contrast to y radiation
with an additional weakening factor of 8
rays in air which is proportional to the dis-
tance selected.

When working with high-activity sources
of high-energy 3 ray emitters, remote
handling devices may be used.

Shielding measures

can be implemented with
materials of low density.
Because of the higher degree
of attenuation of 3 radiation
compared to y radiation, glass or plastic
panes are often sufficient as shielding ma-
terials. However, ample thickness of the
shielding materials and selection of ap-
propriate materials are required to mini-
mize the hazard posed by bremsstrahlung
(X-ray radiation - do not use lead!)

3. Protection from external irradiation
when working with «-emitting nuclides

Keep your distance!

Due to the lower range and
significant weakening of

« radiation in air, keeping
one’s distance is not as
important as with v and 3 emitters. How-
ever, the distance must not be allowed to
become so small that contamination e.g.
of the skin may occur.

Shielding measures

In general, plastic or glass
vessels with low wall thick-
ness will be sufficient. Lead
shielding only for a-emitting
nuclides with concomitant y emission.

Protection from internal irradiation
(incorporation of radionuclides)

8.1.3

Protection from internal irradiation, i.e.
avoidance of incorporation of radionu-
clides, is of particular importance when
working with o emitters.
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« rays, but also other corpuscular rays of
comparable mass, do effect the highest
damage on the body when compared to y
and B rays of the same energy.

Hence, beginning at approximately 100%
the permitted limit o emitters should, if
there is any danger of release, be handled
in glove-boxes.

Eating, drinking, smoking, snuffing and the
use of cosmetics are forbidden in the con-
trol area, lest radioactive substances should
enter the body via mouth or nose.

Use of mouth-operated pipettes is abso-
lutely prohibited.

In order to avoid inhalation of airborne ra-
dioactive substances, these should be han-
dled in fume hoods or in aspirated glove-

boxes, depending on the degree of release.

Work with appropriate retention devices
(receivers, cryotraps) to minimize the risk
of release.

The technical ventilation in the control area
must be of a dimension sufficient to ensure
that the concentration of radioactive sub-
stances in the laboratory air will not be-
come too high.

Optical and acoustical monitoring units
must be installed to control the ventilation
system.

8.1., Protection from contamination
The laboratory staff and students will have
to pay particular attention to protection
from contamination. The values for con-
tamination of skin and other organs ac-
cording to §§ 54, 55 of the Radiation Pro-

54

tection Ordinance must be observed. That
is to say that even the lowest detectable
contamination of the skin and other organs
is to be avoided at any rate.

Working surfaces and equipment are to be
secured against contamination and hence
spreading of potential contamination to the
body by covering with foils and laying with
absorbents.

In the control area, always wear personal
protective equipment (protective coat, pro-
tective suit, protective gloves, overshoes
and the like). Do not take off this protective
equipment in the lab.

All incidents, such as ventilation failure or
breakdown of measuring devices, which
might affect working safety, must be re-
ported to the radiation protection officer.
Keep the laboratory doors closed (mainte-
nance of negative pressure).

In order to avoid contamination, do not
take any personal belongings (e.g. hand-
bags) with you into the control area. Be-
tween the individual operations and in
particular before leaving the control area,
check hands, feet and other protective
equipment for contamination. Report any
detected contamination immediately to the
radiation protection officer.

Objects may leave radiation protection are-
as (control and monitoring areas) only if
they do not exceed the limits as specified in
Annex IIl, Column 4 (§ 44 Radiation Protec-
tion Ordinance). The laboratory clothing is
to be taken off in a black-and-white area
and to be