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INTRODUCTION 

Although there have been problems of health and safety in microbiology 
laboratories since the days of Pasteur and Koch there was little concern until 
the 1970s, when a high incidence of hepatitis B was noted among laboratory 
workers1. There were two incidents involving smallpox laboratories2,3, and 
some scientists expressed fears about the possible hazards of recombinant 
DNA research4. As a result there was a renewed interest in the published 
accounts and surveys of laboratory-acquired infections which revealed that 
in the previous 50 years there had been nearly 4000 such infections of which 
about 160 had proved fatal5. Moreover, the routes and modes of such 
infections and methods for preventing them had been thoroughly investi
gated and were fully documented6. 

This sudden interest in laboratory-associated disease provoked several 
reactions. There was an immediate increase in the number of publications 
on the subject, both scientific and journalistic, and a proliferation of commit
tees which were set up to investigate the problems and to make recommen
dations. There was a wider interest in the excellent microbiological safety 
manuals of the Centers for Disease ControJ7 and the National Institutes of 
Health8,9, codes of practice for the handling of pathogenic micro-organisms 
were formulated in the United KingdomlO,ll; and the World Health Organ
ization introduced its Special Programme on Safety Measures in Microbiology, 
published itsMemorandum on Emergency Services for dealing with the escape 
of dangerous pathogens and its Laboratory Biosafety ManuaI12,13. 

In addition, so me learned societies in the United Kingdom published 
guidelines for microbiological safety14, and others initiated investigations 
into the incidence of infections among laboratory workers15-22. 

Since 1983 the Centers for Disease Control and NIH have produced a new 
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book on biosafety23 and in the United Kingdom the Advisory Committee on 
Dangerous Pathogens and Health Services Advisory Committee have up
dated parts of the Code of Practice for the Prevention of Infection in Clinical 
Laboratories24-26. An independent and simplified version has also been 
published which contains a set of check lists27. 

It is my intention in this chapter to indicate those courses of action that 
may be taken by laboratorymanagements to fulfil their legal obligations (duty 
of care), and by laboratory workers to avoid infections. 

It is not possible, however, to include all aspects of laboratory-acquired 
infections and their prevention, and more detailed information can be ob
tained from other publicationsll,13,28,29. 

THE RESPONSIBILITIES OF MANAGEMENT 

In most developed countries there are regulatory bodies that are concerned 
with the health and safety of the inhabitants. It is obviously necessary for 
laboratory management to conform with the requirements of such bodies. 
This may not in itselfbe sufficient, however, because laboratory activities may 
affect other authorities, national or local. These may include postal and 
transport services if micro-organisms are to be moved within the state and 
across its borders, and the disposal of waste material or its discharge into 
drains and sewers. 

In view of the complexity of some regulations affecting microbiological 
and other laboratory work it is often desirable for management to appoint 
one or more persons to ensure that there are no infringements which might 
lead to litigation or criminal proceedings. Such individuals would be members 
of the safety staff. 

Safety staff 

In several countries there are legal requirements for the management to 
appoint safety officers and safety committees. Unfortunately, although many 
formulae have been postulated for the ideal safety organization few have 
been successful in practice. Except in very large institutes or companies the 
safety officer will have other work to do and there may be a conflict of 
interests. As no one individual can be expected to be familiar with all aspects 
of laboratory and industrial safety it foIIows that different individuals may 
have to be appointed, e.g. as microbiological safety officer, chemical safety 
officer, etc. and that their spheres of influence wiII have to be agreed. They 
will frequently need to consult one another. 

Other problems may arise: if a safety officer is a very senior person then 
he may be regarded as a 'management man' by his subordinates; if he 
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occupies a junior position he may lack experience and may be ignored by his 
superiors. Furthermore, if safety committees are tao large, and meet too 
often, they are regarded as bores; busy scientists, who may have much to offer, 
da not bother to attend. There mayaIso be problems with safety committees. 
Many have started well but have either foundered or become militant nuis
ances. There is no simple or easy solution but same successes in safety 
organization have been achieved in those institutes where the safety offieer 
is a middle-aged member of middle management and is still involved in 
day-to-day laboratory work. The best possible kind of safety committee is the 
small one that meets only when there is samething urgent to discuss. A 
management might also consider the appointment of an independent safety 
advisor from outside the institute or company. 

Duties of safety officer 

As indicated above advising management on its legal obligations and du ti es 
is an important task for a safety offieer. He should also be involved in 
formulating any policy statements that may be required by national or local 
regulatory bodies. In this, he and management may be able to obtain assist
ance from professional scientifie or learned societies. 

Internally, one of the most important duties of the safety offieer is the 
drawing up of local rules and codes of practice for the safe handling of 
micro-organisms and the protection of other workers. Again, assistance may 
be obtained from several sources: various guidelines and codes have already 
been publishedll,13,23,27,28,29. These are all susceptible to modification for 
local use. The implementation of any codes or guidelines is an obvious task 
for a safety officer and is best done by persuasion rather than by coercion. 
Success, therefore, may depend upon his personality. 

It is obvious that a microbiological safety officer should acquaint himself 
with all mierobiological activities and techniques within his province. For 
example, in a laboratory where dangerous pathogens are handled, he needs 
to know the whereabouts of all cultures and what every scientist is doing with 
them. The organization of training in safe microbiological techniques cer
tainly comes within a microbiological safety officers' province but it merits 
separate treatment here. 

TRAINING IN SAFE MICROBIOLOGICAL TECHNIQUES 

It is commonly believed that any scientist or technician who has obtained a 
qualification in mierobiology has been trained in the safe handling of patho
genie mierobes. This is quite untrue: many new graduates have only sketchy 
ideas of good techniques and few seem to have acquired any useful practical 
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skiIIs. It must also be remembered that the recent en]argement of the 
horizons of microbio]ogy has necessitated the emp]oyment of specia]ists in 
other fie]ds, such as biochemists, mo]ecu]ar bio]ogists and geneticists, who 
are required to handle micro-organisms but who have had no experience of 
the techniques and hazards invo]ved. 

If ]aboratory workers are to avoid infecting themse]ves, their col1eagues 
and their families it is important that they are taught some of the facts about 
the mechanisms of such infections and about host-parasite re]ationships. This 
shou]d be fol1owed by i11ustrations of the fau]ty techniques which al10w 
microbes to 'escape' from their containers and of the various routes by which 
they may enter the human body. Training shou]d continue with information 
about how primary barriers may be p]aced around the organism to prevent 
their escape into the ]aboratory during manipulations, secondary barriers 
around the worker to prevent their entry into his body, and shou]d these 
measures faiI, inside the worker to minimize i11 effects. 

In the UK, as distinct from the USA, such courses of instruction are now 
rare, but syl1abuses and protoco]s have been pubIished13,29, and there are 
individua]s, apart from ]oca] safety officers, who are quaIified to teach and 
who possess the necessary 'visua] aids'. The problem of instruction may, 
therefore, be easi]y overcome in ]arge institutes or companies. Smal1er ones 
cou]d band together to hold seminars or to persuade a ]oca] college of further 
education to obIige. Advice and information may be obtained from the World 
Health Organization Geneva (Specia] Programme on Safety Measures in 
Microbio]ogy) and from the author of this chapter. 

No great expense need be involved in such enterprises and they may very 
weIl be cost-effective in terms of good health and confidence among the staff 
as weIl as freedom from possible litigation and conflict with regulatory bodies. 

THE ASSESSMENT OF RISK 

In a microbiological establishment the health hazards to which the staff are 
exposed are largely determined by the nature of the micro-organisms that 
are being examined or grown. If these organisms are relatively non-patho
genic and do not have a his tory of infecting those who handle them then the 
risks are minimal and the safety precautions may be adjusted accordingly. If, 
on the other hand, the organisms do have a bad record then the risks are 
greater and safety precautions should vary from the strict to the stringent. 

Unfortunately, it is popularly supposed, even by some scientists, that 
micro-organisms may be c1early divided into those that cause disease and 
those that are 'harmless', and that no precautions need be taken by people 
who work with the 'harmless' varieties. In fact, reports of infections in man 
and animals, arising from such organisms, have become frequent features in 
medical journals. It is true, of course, that some of these infections arise from 
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the entry into the body of large numbers of the organisms, possibly by unusual 
routes, but these are just the conditions that might obtain in microbiological 
laboratories, especiaBy those that are engaged in mass culture work. There 
is also an increasing number of individuals in the general population whose 
resistance to infections has been impaired by medication or exposure to 
steroids and immunosuppressants. 

In addition, a laboratory that confines its activities to the culture of 
'harmless' micro-organisms may unwittingly grow pathogens that the staff 
might not recognize. Much depends on the composition and pH ofthe culture 
media and the incubation temperature. Many pathogens grow on ordinary 
media at pH 5.5 to 8.0 and between 20 and 40 oe. Such organisms are 
frequently present in raw materials such as food, animal feedingstuffs, fertili
zers, natural water and soil. They mayaIso gain access to cultures from the 
worker's hands, mouth, nose, bowel and skin lesions. Many pathogens are 
widely distributed in the environment, albeit in numbers too smaB to con
stitute and infective dose, but they are easily and rapidly concentrated into 
many infective doses by common laboratory procedures. 

Material imported into teaching laboratories, e.g. blood, tissue cultures, 
organs, dead or living animals, may contain pathogenic micro-organisms. 
Great care is needed in the selection of such specimens and in ascertaining 
their provenance. 

Laboratories that examine clinical material have a more immediate prob
lem because they have no control at aB over the microbiological content of 
the specimens they receive. This uncertainty emphasizes the need for extra 
vigilance in pathology departments. 

There are, however, weB-documented and easily available records of the 
risks attached to many individual organisms, in terms of the number of 
infections that they are known to have caused among laboratory wor
kers5,29,30. For example, between 1930 and 1974 Serratia marcescens was 
responsible for five infections, but Brucella species (including vaccine strains) 
for 423; adenoviruses accounted for 10, but hepatitis virus for 234; rickettsial 
pox for five, but Q fever for 278. A continuing survey of infections in British 
laboratories20-22 identifies other hazardous agents. 

Classification of micro-organisms on the basis of risk 

These records of infection have aBowed the organisms concerned to be 
graded or categorized according to the likelihood that they will infect labo
ratory workers, and, if they escape from laboratories, the general public. This 
was first done in the United States and later by the World Health Organiza
tion32 and in the UK24. These aB foBow the same principles, differing only in 
their wording. They are shown in Table 9.1. Similar classifications have also 
been introduced in the Netherlands33 and Germany34. The WHO system is 
used in this chapter. 
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Table 9.1 Classification of micro-organisms on the basis of hazard 

United States 7 

Class 1 
... no or minimal 
hazard under 
ordinary con
ditions of handling 

Class 2 
... ordinary poten
tial hazard ... may 
produce disease of 
varying severity ... 
by accidental 
inoculation 

Class 3 
... involving special 
hazard or derived 
from outside the 
US 

Class4 
... extremely 
hazardous to lab 
personneI, and 
may cause serious 
epidemic disease 

RiskGroupI 
low individual 
limited community 
risk 

Risk Group II 
moderate individual, 
limited community 
risk ... can cause hu-

United Kingdom24 

Hazard Group 1 
... most unlikely 
to cause human 
disease 

Hazard Group 2 
... may cause human 
disease ... might be 
a hazard to lab 

EFB* 

EFB Class 1 
... have never been iden
tified as causative ag
ents of disease ... offer 
no threat to the 
environment 

EFBClass2 

man or animal disease workers, but un
but is unlikely to be a likely to spread in 

... may cause disease in 
man ... might offer haz
ard to laboratory wor
ker. Unlikely to spread 
in environment 

serious hazard to the community 
labworkers 

Risk Group III 
high individual, 
limited community 
risk ... usually 
produce serious hu
man disease, but 
does not normally 
spread from one 
person to another 

Risk Group IV 
high individual and 
community risk ... 
usually produces 
serious human or 
animal disease ... 
may be readily trans
mitted from one 
person to another 

Hazard Group 3 EFBClass3 
... may cause serious ... offer a severe threat 
human disease and to health of lab worker 
present a serious haz- but small risk to 
ard to lab workers. population at large. 
May spread in com- Prophylactics avail-
munity ... effective- ble, therapy effective 
treatment and prophyl-
axis is available 

Hazard Group 4 EFB Class 4 
... can cause serious hu- ... cause severe illness 
man disease and is a in man. Offer serious 
serious hazard to lab hazard to lab workers. 
workers ... may present Prophylactics not 
high risk of infection available, no effective 
in community ... usually treatment known. 
no effective treatment 
or prophylaxis 

EFB C/ass E (Environ
mental risk) 
... offer a more severe 
threat to environment 
than to man. May be 
responsible for heavy 
economiclosses.AJ
ready subject to 
regulations. 

* European Federation of Biotechnology35 

These classifications are all intended for use in clinical laboratories and 
may not serve the purposes ofbiotechnology. 
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The European Federation ofBiotechnology (EFB) has, therefore, formu
lated a system that includes a group for organisms that offer a greater threat 
to the environment than to man35. This is also shown in Table 9.1. 

Individual countries must, of course, draw up their own lists within each 
class or group as no one list is likely to apply universally because of the 
following variables: (1) pathogenicity of the organisms; (2) modes of trans
mission and host range; (3) existing levels of immunity; (4) presence and 
control ofvectors; (5) prevailing standards ofhygiene; (6) available preven
tive and therapeutic measures. 

Lists of organisms in each risk group may be obtained from governments 
and professional organizations: for example, in the United Kingdom, the 
Health and Safety Executive; in the United States, the Center for Disease 
Control; in West Germany, the Deutsche Gesellschaft für Hygiene und 
Mikrobiologie; and in Holland, the Dutch Society for Microbiology. 

CLASSIFICATION AND DESIGN FEATURES OF LABORATORIES 

The concept of risk groups introduces that of levels of containment - where 
the word 'containment' embodies all the precautions necessary to prevent 
the escape of the organisms. These are influenced by the design of laboratory 
premises, and the World Health Organization13,32 proposed three kinds of 
laboratory: Basic, Containment and Maximum Containment, but in the USA 
and the UK four 'Biosafety Levels' or 'Containment Levels' are defined. 
Again, they are similar, and are shown in Table 9.2. Containment conditions 
for the EFB groups are being codified. Recommendations are made for the 
construction, engineering facilities, such as ventila tion and other services, and 
for security arrangements. Several eountries have adopted these or modified 
them to suit loeal eonditions. They are too detailed to review fully here but 
specifications have been published13,29 

Table 9.2 Classification of laboratories for classes and groups of hazardous micro-organisms 

C/ass, risk or WH013 United States23 United Kingdom24 

hazard group biosafety level containment level 

I (1) basic 1 1 
11 (2) basic 2 2 
III (3) containment 3 3 
IV (4) maximum containment 4 4 

Basic, levels 1 and 2 laborataries 

In outline, basic lahoratories need no partieular design features apart from 
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the sensible construction to give reasonably comfortable conditions for work 
and the avoidance of stress. Two features that should be mentioned, however, 
are the provision of efficient autoclaves and, in each workroom, of handba
sins. 

Containment, level 3 laboratories 

These are intended to protect the workers from micro-organisms that have 
low infective doses, particularly by the airborne route (see below). They, 
therefore, need microbiological safety cabinets to protect the worker, and 
ventilation facilities that prevent the dispersal of contaminated air to other 
rooms. They are usually maintained at a lower air press ure than other rooms 
and corridors to ensure that air passes from 'clean' to 'dirty' areas and not 
vice versa. Their position within the building, therefore, requires careful 
consideration29• Containment laboratories mayrequire their own autoclaves. 
Handbasins are essential. As a general principle, materials and cultures used 
in these laboratories should not be removed from them until they have been 
decontaminated or sterilized. 

Maximum containment level 4 laboratories 

These are designed on the same general principles as containment labor
atories but the requirements are more stringent. They are provided with the 
most sophisticated kinds of safety cabinets and double-door - single-pass 
autoclaves so that no materialleaves the laboratory without being sterilized. 
All effluents from sinks, handbasins and lavatories must be decontaminated. 
These laboratories are usually licensed by governments and subjected to 
inspection. 

Table 9.3 Relation of UK containment levels for work with natural pathogens and for genetic 
manipulation 

Pathogens (ACDp24) 

1 
2 

3} 
4} 

Genetic manipulation (GMAG36,37) 

GMp· 
I 
11 
mt 

IV 

• GMP - Good Microbiologica1 Practice 
t Inc1udes some of the requirements for ACDP levels 3 and 4. From Guidelines for 
Microbiological Safety, 14 
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The terminology used above is not universal. In some countries, basic 
laboratories may be described as PI and P21aboratories, where 'P' stands for 
physical containment. Similarly, containment laboratories may be known as 
P3 laboratories and maximum containment laboratories as P4 laboratories. 

The Physical Containment (P) system was originally used in the USA to 
define levels of containment deemed necessary for different kinds of genetic 
manipulation, depending on the nature of donor and recipient organisms, but 
it has now been harmonized with the Biosafety Levels, so that the USA has 
only one general system for classifying containment in laboratories. In the 
UK, on the other hand, two separate systems persist36,37 at present. The 
relationship between the classifieations for work with 'natural' and 'geneti
cally manipulated' organisms is shown in Table 9.314• 

General design features 

Laboratories at any level should be designed for the safety and convenience 
of those who work in them. These two factors must be considered together 
because errors in design may predispose accidents which may lead to infec
tions as weIl as physieal injuries6,13. Design errors mayaIso indirectly cause 
accidents by imposing unnecessary stresses on the workers. Common errors 
include: (1) inconvenient bench heights, too high for sitting (most microbiol
ogists sit) and which necessitate high stools (the latter are a recognized cause, 
not only of sprained ankles, but of dropped and broken cultures); (2) inade
quate lighting, above and behind the worker so that he casts a shadow over 
his work; (3) poor ventilation and defective air conditioning which may be 
responsible for a variety of minor ailments and loss of productivity - the 'siek 
building syndrome'; (4) ceiling heatingwhieh leads to cold feet and to the use 
of unauthorized and dangerous electric and gas heating devices; (5) insuffi
cient services, necessitating long trailing electricity cables and gas tubing29. 

Poor design mayaIso me an that cultures have to be carried or conveyed 
on trolleys for long distances, even along public corridors, with the increased 
risks of breakage and dispersal of contents. 

Unfortunately, some quite spectacular and expensive errors have been 
made in the design oflaboratories, almost entirely because management and 
designers have failed to consult users and regulatory bodies. 

Housekeeping 

It is now accepted that some accidents and infections are related to certain 
kinds of equipment6,13,29. Such equipment varies from large items such as 
safety cabinets, autoclaves, centrifuges and mechanical devices that might 
disperse aerosols, to glassware that breaks or chips easily but is kept in 
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circulation, leaking hypodermic syringes, poorly made bacteriologicalloops, 
and microscope slides with sharp edges or which break easily. The particular 
hazards associated with these are discussed below, but as the provision of 
such equipment is a function of management some general observations are 
relevant here. Two factors influence the choice of equipment. One is cost. 
This is a universal problem and no objections can be made to a genuine desire 
to save money. The cheapest is rarely the best, however, and may weIl not be 
'cost-effective' in the long run. The other factor is the willingness of the 
purchasing officer, who is rarely a scientist, to co-operate with those who 
know more about equipment and its hazards than he does. In the provision 
of equipment of all kinds consultation with the users is as important as it is 
in design. 

Housekeeping also includes day-to-day maintenance. Floors need to be 
kept clean (with non-slip materials!) and should be cleared of clutter that 
might trip people who are carrying cultures or other hazardous materials. 

Clean overalls, towels and soap should always be available, and when lights 
fail or equipment breaks down there should be no delay in repairs. 

MICROBIOLOGICAL SAFETY CABINETS 

These essential pie ces of microbiological equipment are intended to protect 
the worker from inhaling any infectious particles that are released in the 
course of his work. They will only do so, however, if he works weIl within the 
cabinet and then only if he is using good microbiological techniques. They 
will not protect hirn from spillages or contamination of the skin. 

Two warnings are necessary before these essential pieces of equipment 
are discussed. 

1. They are not fume cupboards and should not be used as such. Similarly, 
fume cupboards should not be substituted for safety cabinets. 

2. 'Laminar flow cabinets' are not necessarily microbiological safety cabi
nets. In some laminar flow cabinets clean air flows over the work, out 
into the room and at the operator's face. He will, therefore, inhale any 
particles which are released during the course of his work. While these 
cabinets may be useful in preventing the contamination of inanimate 
culture media during tubing and pouring, they should not be used for 
dispensing tissue culture cells or any other living materials. Even 
'sterile' cell cultures may contain slow viruses or oncogenic agents 
without showing any sign of contamination. 

Detailed information about the construction, performance, installation, test
ing and decontamination of safety cabinets, as weIl as their limitations, has 
already been publishedll,13,29,38-41. Cabinets that do not satisfy the appro-
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priate standards should not be purchased. Only brief details will be given 
here. 

There are three cJasses of microbiological safety cabinets: 

Class I 

These have open fronts through which the operator inserts his arms. He 
observes his work through a glass screen. Air is extracted from the room 
through the open front at 0.75-0.85 m/s. It entrains any particJes, infective 
or otherwise, and carries them into the high efficiency particulate air (HEPA) 
filters which retain most, but not all, of them (few filters re ta in more than 
99.997% of achallenge of sm all particles). The effluent, which may therefore 
still contain a few particJes, is dumped to atmosphere outside the building 
where it is so diluted that it is innocuous. The extract fan is at the far end of 
the installation to ensure a negative press ure in the trunking. Any Jeaks will 
be into the trunking and not into the room. Class I cabinets protect the 
operator and may, subject to certain aerodynamic constructions, protect the 
work from contamination. A cJass I cabinet is illustrated in Figure 9.1. 

I 
I 
I 
I 
I 

t Te extract fan 

o A irflew 
indlcater 

\ 
\ 
\ 

\ \ 
"-

\ , , '-

--Cleanatr 

--
---- Centaminatcd air 

Figure 9.1 Class I microbiological safety cabinet (Figures are reproduced from Co/lins and 
Lynes' Microbiological Methods., 6th edn. Eds. c.H. Collins, P.M. Lyne and J.M. Grange,by 
permission of Butterworths Publishers Ltd., London) 

Class" 

These also have open fronts and glass screens. Air passes through a HEP A 
filter and descends vertically through the cabinet (laminar f1ow) at about 0.5 
m/s. It entrains any particJes released during the work. At the same time it 
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HEPA filter 

\ 
Primary filter -F=m§§f-,-' 

Negative 
pressure 
plenum 

--Clean air 
---- Comaminated air 

Figure 9.2 Class II microbiological safety cabinet 

forms a curtain across the open front which prevents particIes from ente ring 
or leaving the cabinet. This contaminated air passes through slots at the front 
and re ar of the cabinet and after passing through the HEP A filter about 70% 
of it is recirculated through the cabinet. The remaining 30% is dumped to 
atmosphere as with dass I cabinets. An equal volume of air passes almost 
vertically from the room through slots in the front of the cabinet floor, 
forming an additional barrier to the passage of particles into and out of the 
working area. Class 11 cabinets protect the operator and also protect the work 
from contamination by room air. Figure 9.2 shows a dass 11 cabinet. 

Class 111 

These are the ultimate in safety cabinet engineering. They are totally en
dosed and are gas-tight. The operator works with his hands in gloves that are 
seaIed into the front panel and views his work through the glass window. Air 
enters through a HEP A filter at the rear or side of the cabinet and is extracted 
to atmosphere through one or more such filters. Class III cabinets give 
maximum protection to the operator and his work. Figure 9.3 illustrates a 
dass 111 cabinet. 

Class I cabinets are used mainly in dinical and veterinary laboratories that 
handle those risk group III organisms wh ich cause infection by the airborne 
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HEPA 
miet filter -

t Tc extract fan 

HEPA filter 

- Pressure indicatcr 

Primary filter 

Figure 9.3 Class III microbiological safety cabinet 

route, e.g. tuberde bacilli and bruceIlas. 
Class 11 cabinets also protect the worker from risk group 111 organisms but 

are more expensive to purchase and maintain. They are of particular value, 
however, in virological procedures such as work with tissue cultures and eggs 
because of the protection they afford to the work as weIl as to the worker. 
There is an official but quite unscientific objection to dass 11 cabinets in the 
Uni ted Kingdom, based on work done over 10 years ago. It has been quite 
dear, however, for several years now that dass 11 cabinets constructed to 
national standards afford the same level of protection as dass I cabinets. 

Class 111 cabinets are rarely used outside maximum containment (level 4) 
laboratories where particularly hazardous viruses are investigated. 

The choice of microbiological safety cabinets should reside with the 
people who are going to use them, and who will be at risk. 

Installation can cause problems. In the design of new buildings the siting 
of safety cabinets in rooms, and the position of the rooms themselves in the 
building, should be considered at a very early stage because the degree of 
protection afforded by any cabinet is impaired by cross-draughts, ventilation, 
movement of people and by Iengthy and tortuous trunking. The point of 
discharge is usually the cancern of regulatory bodies. The manufacturer, as 
weIl as the user, should be consulted. Afterthoughts can be very expensive 
and unsatisfactory. In old buildings, again, advice should be obtained from 
the manufacturer as unusual problems may arise. Indeed, some manufac
turers prefer to seIl installations, not isolated cabinets; they do not care to 
accept responsibility or discredit for other people's work which may result in 
poor performance. 

Attempts by designers to recirculate cabinet effluents to the room on 
aesthetic grounds or because of design errors should be resisted, whatever 
their arguments. Even with the best maintenance (wh ich may weIl fail), 
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particles which es cape the filters may soon build up into an infective dose in 
a room. I have never met an advocate of this practice who is prepared to 
accept the effluent into his own room. Another problem is the decontamina
tion of cabinets that do not exhaust to atmosphere. This must be done 
regularlyand certainly before the filters are changed. Formaldehyde is used 
(see p.182) and this offers a hazard to health. Either the whole room must be 
treated or temporary trunking erected to duct the gas to the outside of the 
building - very difficult in premises that have no openable windows. 

Safety cabinets require expert maintenance; air flows and filters should be 
tested regularly and the latter replaced when air flows fall below the re co m
mended national standards. 

Work in safety cabinets should be done in the middle to re ar of the working 
surface and never ne ar to the front. Bunsen burners and large pie ces of 
equipment should not be placed in cabinets as they disturb the airflows and 
the resulting turbulence may lead to the escape of infectious particles into 
the room. 

ROUTES OF INFECTION 

In the laboratory micro-organisms may enter the body in several different 
ways. They may be ingested, inhaled, gain access through wounds or small 
lesions in the skin or through the eye. Natural infections may be initiated in 
the same way, of course, but not infrequently the routes differ for any one 
organism. For example, laboratory-associated brucellosis is usually con
tracted by inhaling airborne brucella cells, but outside the laboratory it is 
usually a result of drinking infected milk. In addition, there are many more 
opportunities in the laboratory for large numbers of various organisms to 
enter the body at any one time. 

Ingestion 

The most obvious, and regrettably the most frequent, way in which micro-or
ganisms may be ingested is mouth pipetting. Mostly this occurs when the 
infectious material is actually sucked into the mouth, but pipettes which have 
become contaminated while lying on the bench are also possible vehicles. 
Although mouth pipetting has been banned in many laboratories it still 
occurs, particularly among recruits who have had little or no training in 
microbiological techniques (and even among some who have). In some 
laboratories in the United States two infringements of the 'no mouth pip
etting' rule will earn dismissal! Other vehicles by which organisms are con
veyed to the mouth include fingers, contaminated with spilled cultures or by 
minute drop lets released during various techniques, and articles such as 
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cigarettes, pipes and food which have been contaminated, directly, or by the 
fingers. 

Inhalation 

A significant fact that emerged during aseries of investigations in the fifties 
and sixties was that in only about 20% oflaboratory-acquired infections could 
the actual cause be identified as, e.g. aspiration (mouth pipetting), accidental 
inoculation, wounding by broken glass, animal bites5,6. Investigations re
vealed that many ordinary laboratory techniques with micro-organisms result 
in the release into the laboratory air of large amounts of aerosol, i.e. minute 
droplets of liquid containing one or a few organisms. Large droplets settle 
rapidly (and contaminate surfaces), but the smaller aerosol droplets evap
orate, leaving the organisms as 'droplet nuclei'. These remain suspended in 
air for long periods and are easily moved about a room or a building by quite 
small air currents. If these particles are less than 5 .um in size and are inhaled 
they pass into the lungs and may cause infections. Larger particles are filtered 
off in the nasal passages and destroyed by local body defences. 

Activities that release airborne particles include: using bacteriological 
loops; spreading cultures on slides; blowing out pipettes; mixing cultures by 
bubbling; using hypodermic syringes and ne edles; opening screw-capped 
bottles, or culture tubes which have wet stoppers; opening lyophilized cul
tures and cultures containing fungal spores; pouring cultures or bacterial 
suspensions, even into disinfectant; centrifuging fluids in uncapped tubes, 
especially in angle centrifuges; breakage of tubes in the centrifuge; blending 
and shaking infected materials; and slide catalase tests. These hazards have 
been investigated by a number of different scientists; their work has been 
reviewed by Darlow42 and Collins29• 

Through the skin 

This is the so-called percutaneous route. The obvious accidents are stab 
wounds with infected hypodermic needles ('needlestick'). These have been 
responsible for many infections43• The sampling probes of certain automated 
equipment also offer a hazard, as do stab wounds from Pasteur pipettes, cuts 
from broken pipettes and broken culture tubes and bottles. But the appar
ently unbroken skin, especially of the hands, usually has many barely visible 
or microscopic cuts and abrasions and these will permit the entry of micro
organisms from surfaces that have been contaminated as a result of spillage, 
splashing or the settling of larger aerosol drop lets. 
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Through the eye 

Micro-organisms may enter through the conjunctivae. They get there in two 
ways: rubbing with contaminated fingers and in splashes of culture fluids. 

Much information has accumulated over the last 30 years on the incidence 
of infections acquired by various routes. A review, with an extensive list of 
references has been published29• 

EXAMPLES OF LABORATORY ACaUIRED INFECTIONS 

It is not easy to select a few incidents from the 400 or so reports of about 4000 
laboratory-acquired infections, but the following are salutary inasmuch as 
they reflect different kinds of hazard and varying degrees of responsibiIity of 
management, scientist or neither. 

About 290 cases of typhoid fever, contracted in laboratories, were re
ported between 1930 and 19745. Most of them appear to have been associ
ated with mouth pipetting. In 1979 and 1980, however, about 30 cases 
occurred, all associated with quality assurance material issued to laboratories 
in the United States44,45. Precise details of the way in which each infection 
occurred are not available, but it is most likely that in most of them it was the 
hand-to-mouth route. Some of them, therefore, could have been due to the 
contamination ofhands from apparatus or bench and to insufficient attention 
to hand-washing. 

There were about 230 known infections with hepatitis B virus between 
1930 and 19745. They occurred as single cases and as common source 
outbreaks. It is significant, however, that after an outbreak in Edinburgh in 
the late sixties which attracted much attention, the number oflaboratory-ac
quired cases notified in the United Kingdom fell from 17 in the period 
1970-72 to six in the years 1977-78 and to none in 1979-801,19. This dramatic 
decline could be attributed to publicity and to the realization, on the part of 
laboratoryworkers, that infection arises from contact between infected blood 
and the skin and mucous membranes. As a result there was greater care in 
the handling of blood, in the wearing of gloves and in the avoidance of mouth 
pipetting. Since 1980, however, there has been a slight increase in the 
numbers reported19.22• 

Airborne infections have frequently been responsible for outbreaks invol
ving a number of people. Brucellas have the distinction not only of being the 
most frequent cause of laboratory-acquired diseases but of infecting a large 
number of people as a result of single incidents. Thus in one building 45 
clinical cases and 49 subclinical infections were associated with a massive 
aerosol release from a single centrifuge operation46. The organisms were 
dispersed around the building, possibly on the ventilation system. It is 
possible that better siting of the centrifuge and an improved ventilation 
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system could have avoided this unfortunate occurrence. Another incident in 
wh ich ampoules of freeze-dried Venezuelan equine encephalitis were 
dropped and broken on a laboratory stairway after collection from a base
ment store resulted in the infection of 24 people in the same building47. The 
agent was probably dispersed by the ventilation system - or lack of it. This 
case highlights the problems of where infectious material should be stored 
and how it should be transported around the laboratory. 

According to Pike5 accidents with needles and syringes accounted for 
about one quarter of 700 known infections, although it is not c1ear how many 
of these were due to needlestick. Two incidents are worth inc1uding here: two 
workers contracted Rocky Mountain spotted fever after accidental inocula
tions48, and another nearly died after a small prick with a ne edle infected with 
Ebola fever virus49. Others have been reviewed recently43. 

Finally, a splash in the eye from a culture of meningococci resulted in a 
fatal infection50• This might have been avoided by the wearing of safety 
spectac1es. A number of other eye infections have been reported29• 

Of course, many of the 4000 infections that have been reported occurred 
before the hazards were fully appreciated; others would not be serious now 
because prophylactics and chemotherapeutic agents are more freely avail
able. But they indicate quite c1early that there is no cause for complacency. 

MINIMIZING INFECTION HAZARDS 

The risks of infection that arise in work with micro-organisms may be related 
to techniques, to equipment, or to both. Even with the best techniques, poor 
equipment will introduce hazards; the best possible equipment will not 
protect the careless or untrained worker. 

The precautions outlined below provide primary barriers around the 
organisms. Those concerned with protection against the dispersal or aerosols 
are particularly important; these hazards can never be reduced to zero and 
any operations with risk group III micro-organisms should always be done in 
a safety cabinet. 

Bacteriological loops 

Loops that are larger than 3 mm in diameter or are imperfectly c10sed shed 
their loads easily, creating infectious aerosols and droplets. Loops with long 
shanks vibrate and are also likely to discharge their contents. Heavily charged 
loops placed in ordinary bunsen flames frequently spatter living material 
around the beneh. Hooded bunsens and microincinerators effectively pre
vent this. Plastic disposable loops overcome all the above problems and 
should be discarded into disinfectant pots. They are particularly useful in 
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safety cabinets where bunsens are undesirable (see above). 

Preparation of slides for microscopy 

Cheap slides have sharp edges, are easily broken and may injure fingers with 
a consequent risk of infection. Vigorous rubbing of charged loops in saline 
on a slide will release aerosols and droplets that contaminate the bench. This 
hazard may be reduced by replacing saline with a saturated solution of 
mercuric chloride. 

Pipettes 

There should be a total ban on mouth pipetting, even of water. This avoids 
the dangers both of aspiration and of introducing potentially contaminated 
articles into the mouth. There are many different kinds of rubber teats and 
mechanical pipetting devices and the worker hirnself should exercise the 
choice. Not all devices suit all workers or aII kinds ofwork. The devices need 
regular inspection and maintenance and do not last for ever. Some training 
in their use is essential. Pipettes with cracked or chipped ends should be 
discarded; they may injure fingers, allow the contents to leak, and damage 
pipetting devices. 

Violent pipetting and violent discharge of contents should be avoided: 
both produce bubbles, which burst and release aerosols. 'Delivery' pipettes 
are safer than 'container' pipettes: with these it is not necessary to blow out 
the last drop - a fruitful source of infectious airborne particles. 

Glass Pasteur pipettes frequently cause stab wounds and cut fingers. They 
should be replaced by disposable soft plastic varieties. 

Hypodermic syringes and needles 

The laboratory use of these should be minimal. Infections arising from 
needlestick are frequently reported43• For many purposes, especially in 
virological procedures, the needles may be replaced by cannulas. Syringes 
and needles should not be used instead of pipettes unless it is absolutely 
necessary, e.g. for removing the contents of rubber-sealed containers. This 
activity requires special precautions to avoid the dispersal of infectious 
materials when the needle is withdrawn through the cap. Aerosols are 
released by the disruption of a fine thread of liquid that is formed when the 
needle is drawn through the cap, and also by the vibration of the needle. The 
ne edle should be withdrawn through a pledget of cotton wool soaked in 
alcohol and held firmlyon the cap. It is safer to remove septum caps with the 
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commercially available gadgets and to use pipettes. 
Other hazards arise from leaks between plungers and barrels of syringes, 

leading to contamination of the hands. Aerosols and splashes may be pro
duced if the needle flies off its butt when pressure is applied to the plunger. 

There are serious differences of opinion between those who advocate 
removing the needle from the syringe after use and those who think that it is 
safer to discard syringe and needle as one unit. In any case hypodermic 
syringes and needles should be discarded into stout containers which can be 
autoclaved and/or incinerated. Several varieties are on the market, but those 
made of thin card should be avoided: their sides are easily penetrated by 
ne edles which may then stab anyone who handles the containers. Precautions 
against needlestick have been reviewed43,51. 

Culture containers 

These should be robust. Thin glass tubes, bottles and Petri dishes are easily 
broken, resulting in the dispersal of infectious material and possibly causing 
personal injury. 

Opening culture containers 

There is frequently a film of liquid between the neck and the stopper of a 
culture tube or bottle and between the rim and the lid of a Petri dish. When 
this film is ruptured by opening the container an aerosol is produced. It is 
difficult to overcome this hazard, except by ensuring that tubes and bottles 
are always stored upright and by opening them in a safety cabinet. Some 
plastic Petri dishes have nibs which raise the lid from the rim. Although 
designed to ventilate the dishes this also minimizes the formation of the wet 
film. Plastic Petri dishes are preferable to those made of glass; they do not 
break when dropped and, therefore, do not disperse their contents so widely. 

Hazardous airborne particles are released by some procedures that do not 
involve the production of aerosols. Infectious material may dry around the 
stoppers and rims of culture tubes and is dispersed when these are disturbed. 
Lyophilized material is also easily dispersed and care should be taken when 
ampoules offreeze-dried cultures are opened. Curators of culture collections 
usually issue instructions on how to open ampoules safely. Directions have 
also been published in at least two booksll,29. Cultures of some fungi contain 
large oumbers of spores which are released ioto the air when the tubes or 
Petri dishes are opened. 
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Pouring infectious material 

Although pouring liquid cultures is usually regarded as bad practice, decant
ing supematant fluids after centrifugation seems to be anormal procedure. 
It is commonly believed that centrifuging a suspension of organisms removes 
them from the supernatant fluid. Many people also believe that it is quite safe 
to pour cultures and bacterial suspensions into disinfectants. N either of these 
beliefs has been supported by experiment. Some organisms do remain in 
supematant fluids. Splashes and drop lets bounce off the surface of disinfec
tants and may contaminate the surrounding area. 

A funnel should be placed over a discard jar so that it is supported by its 
rim, and its outlet is just below the surface of the disinfectant. The superna
tant fluid should then be poured into the funnel. A drop of fluid often remains 
on the lip of the tube. This should be wiped off with a piece of filter paper 
which is then discarded into disinfectant. 

Centrifugation 

Centrifugation of fluids in unstoppered tubes is a common but undesirable 
practice. If the fluid nearly fills the tube, if the centrifuge is started or stopped 
abruptly, or if an angled rotor is used some of the fluid is likely to be ejected. 
It will be aerosolized by impact with the centrifuge bowl and will emerge in 
the ventilation airstream. Breakage of tubes within a centrifuge results in a 
massive release of aerosol. 

It is good practice to stopper all centrifuge tubes and if the liquid being 
centrifuged contains risk group III pathogens it is essential to use sealed 
centrifuge buckets (known also as safety cups). Those with polycarbonate 
caps allow the user to see broken tubes before the bucket is opened. All such 
buckets should in any case, be opened in a safety cabinet. Windshields and 
sealed rotors are not as efficient as sealed buckets. They may leak after they 
have been in use for some time, and if a tube breaks all the contents and the 
rotor must be decontaminated instead of a single bucket. 

There is little point in placing the centrifuge inside a microbiological safety 
cabinet in the hope of containing airborne particles; the velocity of air leaving 
the ventilation ports is about 200 times greater than that of the air entering 
the cabinet. 

Shaking and blending 

These operations generate aerosols and need special precautions. Even the 
least violent macerating by hand in a Griffith's tube can be hazardous: if a 
tube breaks the hand may be cut with infected glass. These tubes should be 
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held firmly in a thick pad of cotton, and if the specimen is thought to contain 
risk group III organisms the operation should be done in a safety cabinet. 

Materials that require mechanical shaking should be in tightly stoppered 
containers, which, as an added precaution, may be placed in sealable plastic 
bags. High-speed homogenizers and blenders should be chosen with care. 
Domestic models always release aerosols. Some models marketed for labor
atory use may become unsafe if they are not properly maintained: their lids 
work loose and they develop leaks around the spindIe shaft. Aerosols under 
pressure are genera ted in these instruments and released violently when the 
lids are removed. Special kinds of Waring blenders have been designed that 
overcome all these problems. The Seward 'Stomacher' in which materials are 
homogenized in strong plastic bags, and which produces no aerosols, can be 
recommended. Other devices, such as sonicators, should always be covered 
when in use by large Perspex boxes. 

Catalase tests 

A positive catalase test produces bubbles of oxygen which disperse aerosols 
as they burst. Slide catalase tests should therefore be abandoned in favour of 
tube tests which contain the aerosols. 

PERSONAL PROTECTION 

Accidents happen, even with the best techniques and equipment, and sec
ondary barriers around the individual are just as important as primary 
barriers around the organisms. There are four kinds of secondary barriers 
that afford personal protection: (1) protective c10thing and equipment; (2) 
immunization; (3) medical supervision; (4) personal hygiene. 

Protective clothing and personal equipment 

These are intended to protect normal c1othes, skin, eyes, nose and mouth 
from micro-organisms that might be released during laboratory work. 
Clothes are considered first because they cover the larger part of the worker's 
body and could be the means of transmitting infection, not only to hirn, but 
to his associates. 

Most employers provide overalls or coats of one kind or another, but 
persuading people to wear them properly, i.e. fastened, may be a problem. 
No solution can be offered here and employers must decide for themselves 
what sanctions to use. The traditional white co at is not particularly effective: 
it gapes at the front and at the knees when the wearer is sitting and it fails to 
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protect the exposed parts of the neck, wrists or lower arms or clothing that 
may cover them. It is better than nothing, however, in those places where 
there are objections to the more sensible kinds of protective clothing that are 
currentlyavailablell,29. 

Gloves, preferably the disposable kind used by surgeons, should be pro
vided and always worn for handling blood and materials that may contain 
viruses (e.g. hepatitis B) or bacteria that can cause serious infections if they 
enter the body through small cuts and abrasions on the skin of the hands. It 
is often argued that gloves decrease manual sensitivity and slow up the work. 
Certainly there is no case for wearing them all the time, but risks must be 
weighed against discomfort and loss of speed. 

Eye protection is offered, and even insisted upon, in many chemical 
laboratories. Protection of the eyes from splashes of infected material is no 
less important. The 'safety spectacles' worn by chemists are recommended: 
they have side shields and they fit over ordinary spectacles. 

The wearing of surgeons' masks is controversial. They are intended to 
protect the patient, not the surgeon, and those in common use in hospitals 
offer no barriers to the passage of micro-organisms (e.g. in aerosols) at the 
levels that may be encountered in laboratories. There are masks made of 
rigid fibres, however, that mould to the face and which do afford a consider
able degree of protection against the inhalation of infectious particles. They 
mayaIso be worn to protect the work, e.g. tissue and egg cultures, from oral 
and nasal sprays that arise during coughing, sneezing and conversation. 

Immunization 

It is by no means possible, or even sensible, to try to immunize alllaboratory 
workers against all organisms that they might encounter in the course of their 
work. In developed countries most individuals are immunized against tuber
culosis, poliomyelitis, diphtheria, tetanus and, if they are inclined to travel, 
typhoid fever. Certainly, those who work with tubercle bacilli should have 
received BCG or have a positive skin test, and consideration should be given 
to the vaccination of scientists who are exposed to hepatitis B virus. Other
wise, immunization should be restricted to individuals at special risk, e.g. 
scientists who are working with certain viruses. As policies vary between 
countries it is desirable to obtain advice from state health authorities. See 
Chapter 5. 

Medical supervision 

Medical supervision of staff is obviously more important in maximum con
tainment units than in basic laboratories. As pointed out above, however, 
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unexpected hazards may arise in work with organisms in the lower risk groups 
and the occupational health staff should be aware of them. 

In many countries it is usual, and in some it is mandatory, for staffwho are 
in contact with risk groups III and IV pathogens, and also those who work in 
clinicallaboratories, to carry cards stating this fact. If such a worker is ill he 
is expected to show the card to his physician who will then be alerted to the 
possibility of an unusual or laboratory-acquired infection. The cards should 
bear the name, address and telephone number of adesignated member of 
the laboratory medical staff. 

Although there is no great risk to those who work with other micro-organ
isms they would be weIl advised to inform their family doctor of the nature 
of that work. 

It is generally agreed that scientists who work with tubercle bacilli should 
have annual chest X-rays, but for other workers, even those who have 
occasional contact with tuberculous material, an X-ray taken every 3 years 
would be a satisfactory compromise. Unnecessary exposure to X-rays should 
be avoided, especially in women of childbearing age. 

Pregnant women are at special risk from certain viruses, especially during 
the first trimester. This fact should be made known to all women of child
bearing age and private counselling should be offered. Women who are 
working with rubella virus or cytomegalovirus should be transferred to other 
duties as soon as they suspect they are pregnant. See also Chapter 5. 

PRECAUTIONS AGAINST SPECIFIC INFECTIONS 

Workwith certain infectious agents which have a bad reputation for infecting 
laboratory workers may require specific precautions. These include Salmon
ella typhi, Mycobacterium tuberculosis and hepatitis B virus. To these one must 
add human immunodeficiency (AIDS) virus (very few cases oflaboratory-ac
quired infection to date) and the agents of spongiform encephalopathies, 
although evidence that these are hazardous is inconclusive. Space here does 
not permit a discussion of such precautions but information may be found in 
several publicationsll,25,27,29,52,53. 

DECONTAMINATION 

In the context of this chapter the word 'decontamination' is used instead of 
'sterilization' and 'disinfection' because in some circumstances it may not be 
necessary, or even possible, to achieve sterilization - which is the complete 
destruction or removal of allliving matter. On the other hand, disinfection, 
defined as the destruction of pathogens, frequently fails because of poor 
techniques and a lack of understanding of its principles. 
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The object of decontamination is to render non-infectious: (1) all used 
cultures and discarded materials so that they may be disposed of safely into 
the public refuse or sewarage systems; (2) all re-usable equipment and 
laboratory surfaces. Full reviews of methods applicable to microbiological 
safety have been published29,54. 

The old custom of dumping all discarded materials and cultures into a 
bucket of disinfectant of uncertain age and concentration, leaving them there 
for an unspecified time and then washing them or throwing them away has 
been superseded by safer and more reliable procedures. 

In principle, all discarded materials should be autoc1aved before they leave 
the laboratory. They may then be incinerated, but incineration should not be 
regarded as an alternative to autoc1aving unless the incinerator is under strict 
laboratory contro!. There have been many accounts of infectious material 
that has by-passed incinerators and found its way on to rubbish tips. The 
ensuing publicity is unweIcome, even when the health risks are slight. 

Chemical disinfectants, properly used, serve three purposes in labor
atories: (1) as discard jars - repositories for small articles used at the bench 
and which will subsequently be autoc1aved (the exceptions are graduated 
pipettes); (2) the decontamination of surfaces; (3) the treatment of spillage. 

Autoclaves 

Care is needed in the choice of these expensive items of equipment. Glossy 
advertisements, the blandishments of salesmen and the advice of individuals 
who never actually use them should be viewed with suspicion. It is best to 
consult practising microbiologists who have had experience with the various 
different models. For the effective decontamination of cultures and equip
ment 'mixed load' autoclaves are required, not pharmaceutical, dressing or 
instrument sterilizers. Autoclaves used for discarded materials should not 
also be used for sterilizing culture media which may require quite different 
treatment. The choice of autoclaves may lie between a single, large and 
sophisticated machine and two or more simpler and smalJer models. The 
more complicated an autoc1ave the more often it will need maintenance. An 
autoc1ave that is out of commission can disrupt the work of a laboratory, may 
necessitate the storage of infectious material under hazardous conditions and 
may lead to unsafe 'short cuts' in disposa!. The important feature of an 
autoc1ave is that the load should reach 121°C in a very short time. The 
temperature in the drain, which is usually recorded on the gauge or the chart, 
is irrelevant. Very often the drain temperature reaches 121°C while that in 
the load is still under 100 oe. Indeed, the load temperature may never reach 
100°C during the holding time, wh ich is usually 15-20 minutes. Many micro
organisms may therefore survive. Higher temperatures (134°C) are necess
ary for the safe dis pos al of material containing the scrapie and Creutzfeldt-

182 



HEAL TH HAZARDS IN MICROBIOLOGY 

Jakob agents29,53. 
Autoclaves should be commissioned and then tested frequently by placing 

thermocouples at various points in the load, and also under 'worst load' 
conditions. External recording devices are not expensive and thermocouple 
wires are thin enough not to interfere with the door seals of autoclaves that 
do not have suitable access ports. 

Autoclaves should be loaded in a sensible manner. Even efficient mach
ines are unlikely to sterilize a load that is packed so tightly that steam cannot 
circulate and expel all air. 

Containers for autoclaving discarded cultures, etc. may be of metal or 
heat-resistant plastic, but should not fit tightly in the chamber. They should 
not be more than about 25 cm deep so that steam can easily penetrate their 
contents. The contents should not be tightly packed and any lids that are used 
to cover the contents during transport from laboratory to autoclave room 
should be removed and autoclaved at the same time as the containers. If 
autoclavable plastic bags are used to hold discarded materials they should be 
supported in rigid containers; otherwise, if they are full of heavy articles, they 
may burst and cause serious local contamination. The bags may be closed 
with plastic ties during transport to the autoclave, but even if it is claimed that 
they are pervious to steam they should be opened for autoclaving. Detailed 
and useful information on the use of autoclaves is given by Gardner and 
Pee154• 

Incinerators 

Problems and failures may occur with incinerators even if they are under 
laboratory control. If they are packed too weIl or are left unattended some 
of the material may never be burned. Infectious particles may be carried up 
the flue and into the open air by the updraught before the flames and heat 
reach them. Smoke production can lead to conflicts with local authorities and 
neighbours. The best models are those that have after-burners and consume 
their own smoke. 

There is an increase in the laboratory use of containers made of cardboard 
and thin metal for used disposable syringes, needles and small bench equip
ment. These containers are purpose-made and are intended to be incin
erated. Their use is recommended. 

Disinfectants 

Only those disinfectants that have proved theirworth in other microbiological 
laboratories should be used. Rideal-Walker coefficients and similar dis
credited figures should be disregarded, as should pleasant smells. Clear 
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phenolics, hypochlorites and glutaraldehyde are the obvious choices where 
pathogens are handled. Not all of them are effective against all organisms, 
however, and some care is necessary in their choice and use. In general, 
phenolics are active against most fungi, bacteria and lipid viruses but not 
against spores and non-lipid viruses. Hypochlorites are not particularly effec
tive against fungi but are effective against bacteria, spores and both kinds of 
virus. Glutaraldehyde is effective against all ofthese, but is not all that active 
below 20 oe. There are, of course, other considerations: all of these disinfec
tants are inactivated to some extent by protein (especially hypochlorites ), by 
natural and man-made materials (phenolics) and by hard water. If they are 
to be used in conjunction with detergents it is advisable to ask the manufac
turers if they are compatible. In addition, they are all toxic to some degree: 
phenolics to skin and eyes, hypochlorites and glutaraldehyde to skin, eyes and 
lungs. If they are used intelligently and according to the manufacturers' 
instructions, however, the hazards are minimal. 

For laboratory use disinfectants should be diluted accurately to the manu
facturers' recommended use-dilution for the worst or dirtiest situations. 
Phenolics and hypochlorites should be made up daily and not stored diluted. 
So me glutaraldehydes, however, have a life of7 days or more after activation, 
as long as they are not abused. 

Abuse of disinfectants is all too common an occurrence. Discard jars on 
benches are emptied infrequently and are often overloaded with pro tein, 
paper and small items which rapidly inactivate the disinfectant. Some articles 
may not even be completely immersed. Such misuse can lead to laboratory
acquired infections. 

Plastic discard jars are safer than those made of glass. They should be large 
enough to allow all the small waste that accumulates in one day's work to be 
completely covered. The jars should be emptied daily by pouring their 
contents through an autoclavable sieve or colander held over a sluice or sink 
connected to the public sewer (large amounts need special arrangements 
with local authorities). The sieve or colander containing the solid material 
should then be placed in a suitable container and autoclaved. 

In some laboratories these disinfectant jars are being replaced by the card 
and metal bins mentioned above which are incinerated with or without prior 
autoclaving. 

The only articles that may be recycled after disinfection and without heat 
treatment are graduated pipettes. These should be left, completely sub
merged, in disinfectant for at least 18 hours and then washed in very hot 
water. Gloves should be worn for this work. 

If there has been a spillage of infectious material the area should be 
covered with absorbent cloth or paper soaked in the appropriate disinfectant. 
More disinfectant should be poured over the absorbent material and the 
whole left undisturbed for at least an hour before the debris is removed with 
gloved hands and the area swabbed again. A serious spillage or breakage 

184 



HEALTH HAZARDS IN MICROBIOLOGY 

involving risk group III organisms will need the immediate attention of the 
safety officer: aerosols may have been dispersed. The room may have to be 
evacuated, and possibly decontaminated (see below). 

At the end of the day's work the bench and any other surfaces that may 
have been contaminated without the knowledge of the worker should be 
swabbed down with a suitable disinfectant. Glutaraldehyde is probably the 
best for this purpose, as phenolics may leave sticky residues and hypochlorites 
may attack metals. Glutaraldehyde should be used ifthe spillage has occurred 
inside a centrifuge bowl or in similar equipment. 

Microbiological safety cabinets require regular disinfection of surfaces, 
preferably with glutaraldehyde. It is also necessary to decontaminate the 
whole cabinet, filters and trunking at regular intervals, depending on the 
amount of use and certainly before the filters are changed. Formaldehyde 
gas is used for this purpose and is genera ted by boiling formalin or heating 
tablets of paraformaldehyde. Most cabinet manufacturers provide equip
ment and instructions for this purpose but as the gas is very toxic certain 
precautions must be taken. The cabinet should be sealed before the gas is 
generated and it should not be fully opened until the gas has been dispersed 
by running the fan. There is usually provision for allowing some air to enter 
the cabinet before the front is removed. The manufacturers' instructions 
should be followed and various techniques for the decontamination of safety 
cabinets have been publishedll,29,38. 

Only rarely is it necessary to decontaminate whole rooms, e.g. after major 
spillage or aerosol release of risk group III or IV organisms. The technique 
which necessitates sealing the room and the expert use of respirators and 
formaldehyde gas, is beyond the scope of this chapter but is given in detail 
elsewhere29. It is similar to that used in the terminal disinfection of hospital 
wards and cubicles. 

For more information on the use of disinfectants in laboratories and 
elsewhere see Collins29, Gardner and Peel54 and Ayliffe et al.55• 

CONCLUSIONS 

The hazards of working with micro-organisms are real but should not be 
regarded as alarming. As with many other pursuits, if the risks are appreci
ated and appropriate techniques are used, casualties are few. The incidence 
of laboratory-acquired infections may be minimized and they may be almost 
entirely prevented by good laboratory design, correct equipment properly 
used, good housekeeping and training in careful technique. The sum of all 
these may be described as good laboratory practice. 
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