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Biosafety is the prevention of large-scale loss of biological integrity, focusing both on ecology and human 

health. These prevention mechanisms include conduction of regular reviews of the biosafety in laboratory 

settings, as well as strict guidelines to follow. Biosafety is used to protect from harmful incidents. Many 

laboratories handling biohazards employ an ongoing risk management assessment and enforcement process 

for biosafety. Failures to follow such protocols can lead to increased risk of exposure to biohazards or 

pathogens. Human error and poor technique contribute to unnecessary exposure and compromise the best 

safeguards set into place for protection. The international Cartagena Protocol on Biosafety deals primarily 

with the agricultural definition but many advocacy groups seek to expand it to include post-genetic threats: 

new molecules, artificial life forms, and even robots which may compete directly in the natural food chain. 

Biosafety level refers to the stringency of biocontainment precautions deemed necessary by the Centers for 

Disease Control and Prevention (CDC) for laboratory work with infectious materials. Typically, institutions 

that experiment with or create potentially harmful biological material will have a committee or board of 

supervisors that is in charge of the institution's biosafety. They create and monitor the biosafety standards 

that must be met by labs in order to prevent the accidental release of potentially destructive biological 

material. (note that in the US, several groups are involved, and efforts are being made to improve processes 

for government run labs, but there is no unifying regulatory authority for all labs. 

 

 

Biosafety is related to several fields: 

 

 

 

1. In ecology (referring to imported life forms from beyond ecoregion borders), 

 

2. In agriculture (reducing the risk of alien viral or transgenic genes, genetic engineering or 

prions such as BSE/"MadCow", reducing the risk of food bacterial contamination) 



3. In medicine (referring to organs or tissues from biological origin, or genetic therapy products, virus; 

levels of lab containment protocols measured as 1, 2, 3, 4 in rising order of danger), 

4. In chemistry (i.e., nitrates in water, PCB levels affecting fertility) 

 

5. In exobiology (i.e., NASA's policy for containing alien microbes that may exist on space samples) 

In synthetic biology (referring to the risks associated with this type of lab practice). When biological 

warfare or new, currently hypothetical, threats (i.e., robots, new artificial bacteria) are considered, 

biosafety precautions are generally not sufficient. (link to incident report, i.e., such as problems with 

CDC research labs in 2014). The new field of biosecurity addresses these complex threats. 

 

Hazards: 

 

1. Chemical hazards typically found in laboratory settings include carcinogens, toxins, 

irritants, corrosives, and sensitizers. 

 

2. Biological hazards include viruses, bacteria, fungi, prions, and biologically-derived 

toxins, which may be present in body fluids and tissue, cell culture specimens, and 

laboratory animals. Routes of exposure for chemical and biological hazards include 

inhalation, ingestion, skin contact, and eye contact. 

 

 

3. Physical hazards include ergonomic hazards, ionizing and non-ionizing radiation, 

and noise hazards. Additional safety hazards include burns and cuts from autoclaves, 

injuries from centrifuges, compressed gas leaks, cold burns from cryogens, electrical 

hazards, fires, injuries from machinery, and falls. 



                In synthetic biology: 

 

A complete understanding of experimental risks associated with synthetic biology is 

helping to enforce the knowledge and effectiveness of biosafety. With the potential future creation of 

man-made unicellular organisms, some are beginning to consider the effect that these organisms will 

have on biomass already present. Scientists estimate that within the next few decades, organism design 

will be sophisticated enough to accomplish tasks such as creating biofuels and lowering the levels of 

harmful substances in the atmosphere. Scientist that favor the development of synthetic biology claim 

that the use of biosafety mechanisms such as suicide genes and nutrient dependencies will ensure the 

organisms cannot survive outside of the lab setting in which they were originally created. 

Organizations like the ETC Group argue that regulations should control the creation of organisms 

that could potentially harm existing life. They also argue that the development of these organisms 

will simply shift the consumption of petroleum to the utilization of biomass in order to create energy. 

These organisms can harm existing life by affecting the prey/predator food chain, reproduction 

between species, as well as competition against other species (species at risk, or act as an invasive 

species). Synthetic vaccines are now being produced in the lab. These have caused a lot of excitement 

in the pharmaceutical industry as they will be cheaper to produce, allow quicker production, as well 

as enhance the knowledge of virology and immunology. 

In medicine, healthcare settings and laboratories: 

 

Biosafety, in medicine and health care settings, specifically refers to proper handling of 

organs or tissues from biological origin, or genetic therapy products, viruses with respect to the 

environment, to ensure the safety of health care workers, researchers, lab staff, patients, and the 

general public. Laboratories are assigned a biosafety level numbered 1 through 4 based on their 

potential biohazard risk level. The employing authority, through the laboratory director, is 

responsible for ensuring that there is adequate surveillance of the health of laboratory personnel. The 

objective of such surveillance is to monitor for occupationally acquired diseases. The World Health 

Organization attributes human error and poor technique as the primary cause of mishandling of 

biohazardous materials. 



Biosafety is also becoming a global concern and requires multilevel resources and 

international collaboration to monitor, prevent and correct accidents from unintended and malicious 

release and also to prevent that bioterrorists get their hands-on biologics sample to create biologic 

weapons of mass destruction. Even people outside of the health sector needs to be involved as in the 

case of the Ebola outbreak the impact that it had on businesses and travel required that private sectors, 

international banks together pledged more than $2 billion to combat the epidemic. The bureau of 

international Security and nonproliferation (ISN) is responsible for managing a broad range of U.S. 

nonproliferation policies, programs, agreements, and initiatives, and biological weapon is one their 

concerns Biosafety has its risks and benefits. All stakeholders must try to find a balance between 

cost-effectiveness of safety measures and use evidence-based safety practices and recommendations, 

measure the outcomes and consistently reevaluate the potential benefits that biosafety represents for 

human health. Biosafety level designations are based on a composite of the design features, 

construction, containment facilities, equipment, practices and operational procedures required for 

working with agents from the various risk groups. 

 

 

Classification of biohazardous materials is subjective and the risk assessment is determined 

by the individuals most familiar with the specific characteristics of the organism. There are several 

factors taken into account when assessing an organism and the classification process. 

 

 

1. Risk Group 1: (no or low individual and community risk) A microorganism that is unlikely 

to cause human or animal disease. 

 

2. Risk Group 2: (moderate individual risk, low community risk) A pathogen that can cause 

human or animal disease but is unlikely to be a serious hazard to laboratory workers, the 

community, livestock or the environment. Laboratory exposures may cause serious infection, 

but effective treatment and preventive measures are available and the risk of spread of 

infection is limited. 

 

3. Risk Group 3: (high individual risk, low community risk) A pathogen that usually causes 

serious human or animal disease but does not ordinarily spread from one infected individual 

to another. Effective treatment and preventive measures are available. 



4. Risk Group 4: (high individual and community risk) A pathogen that usually causes serious human or animal 

disease and that can be readily transmitted from one individual to another, directly or indirectly. Effective 

treatment and preventive measures are not usually available. 

 

 

Investigations have shown that there are hundreds of unreported biosafety accidents, with laboratories self-policing 

the handling of biohazardous materials and lack of reporting. Poor record keeping, improper disposal, and 

mishandling biohazardous materials result in increased risks of biochemical contamination for both the public and 

environment. Along with the precautions taken during the handling process of biohazardous materials, the World 

Health Organization recommends: Staff training should always include information on safe methods for highly 

hazardous procedures that are commonly encountered by all laboratory personnel and which involve: 

 

 

1. Inhalation risks (i.e. aerosol production) when using loops, streaking agar plates, 

2. pipetting, making smears, opening cultures, taking blood/serum samples, centrifuging, 

etc. 

3. Ingestion risks when handling specimens, smears and cultures 

4. Risks of percutaneous exposures when using syringes and needles 

5. Bites and scratches when handling animals 

6. Handling of blood and other potentially hazardous pathological materials 

7. Decontamination and disposal of infectious material. 

BIOLOGICAL SAFETY CABINETS 

 

A biosafety cabinet (BSC)—also called a biological safety cabinet or microbiological safety 

cabinet—is an enclosed, ventilated laboratory workspace for safely working with materials 

contaminated with (or potentially contaminated with) pathogens requiring a defined biosafety level. 

Several different types of BSC exist, differentiated by the degree of biocontainment required. BSCs 

first became commercially available in 1950. 

 

The primary purpose of a BSC is to serve as a means to protect the laboratory worker and the 

surrounding environment from pathogens. All exhaust air is HEPA-filtered as it exits the biosafety 

cabinet, removing harmful bacteria and viruses. This is in contrast to a laminar flow clean bench, 

which blows unfiltered exhaust air towards the user and is not safe for work with pathogenic agents. 

Neither are most BSCs safe for use as fume hoods. Likewise, a fume hood fails to provide the 

environmental protection that HEPA filtration in a BSC would provide. However, most classes of 

BSCs have a secondary purpose to maintain the sterility of materials inside (the "product"). 

 



 

Classes: 

 

Class 1: Class I cabinets provide personnel and environmental protection but no product protection. In fact, 

the inward flow of air can contribute to contamination of samples. Inward airflow is maintained at a 

minimum velocity of 75 ft/min (0.38 m/s). These BSCs are commonly used to enclose specific equipment 

(e.g. centrifuges) or procedures (e.g. aerating cultures) that potentially generate aerosols. BSCs of this class 

are either ducted (connected to the building exhaust system) or unducted (recirculating filtered exhaust back 

into the laboratory). 

 

Class 2: Class II cabinets provide both kinds of protection (of the samples and of the environment) 

since makeup air is also HEPA-filtered. There are five types: Type A1 (formerly A), Type A2 (formerly 

A/B3), Type B1, Type B2 and Type C1. Each type's requirements are defined by NSF International 

Standard 49, which in 2002 reclassified A/B3 cabinets (classified under the latter type if connected 

to an exhaust duct) as Type A2, and added the Type C1 in the 2016 standard. About 90% of all 

biosafety cabinets installed are Type A2 cabinets. Principles of operation use motor driven blowers 

(fans) mounted in the cabinet to draw directional mass airflow around a user and into the air grille - 

protecting the operator. The air is then drawn underneath the work surface and back up to the top of 

the cabinet where it passes through the HEPA filters. A column of HEPA filtered, sterile air is also 

blown downward, over products and processes to prevent contamination. Air is also exhausted 

through a HEPA filter, and depending on the Type of Class II BSC, the air is either recirculated back 

into the laboratory or pulled by an exhaust fan, through ductwork where it is expelled from the 

building. The Type A1 cabinet, formerly known as Type A, has a minimum inflow velocity of 75 

ft/min. The downflow air, considered contaminated, splits just above the work surface (the BSCs 

smoke split) and mixes with the inflow. This air is drawn, through ductwork, up the back of the 

cabinet where it is then blown into a positive pressure, contaminated plenum. Here, the air is either 

recirculated, through a HEPA filter, back down over the work zone, or exhausted out of the cabinet 

(also through a HEPA filter). Sizing of HEPA filters and an internal damper are used to balance these 

air volumes. This type is not safe for work with hazardous chemicals even when exhausted with a 

"thimble" or canopy to avoid disturbing internal air flow. The Type A2 cabinet, formerly designated 

A/B3, has a minimum inflow velocity of 100 ft/min. A negative air pressure plenum surrounds all 

contaminated positive pressure plenums. In other respects, the specifications are identical to those of 

a Type A1 cabinet. Type B1 and B2 cabinets have a minimum inflow velocity of 100 ft/min, and these 

cabinets must be hard-ducted to an exhaust system rather than exhausted through a thimble 

connection. Their exhaust systems must also be dedicated (one BSC per duct run, per blower). In 



contrast to the type A1 and A2 cabinets, Type B BSCs use single pass airflow (air that does not mix 

and recirculate) in order to also control hazardous chemical vapors. Type B1 cabinets split the airflow 

so that the air behind the smoke-split is directed to the exhaust system, while air between the operator 

and the smoke-split mixes with inflow air and is recirculated as downflow. Since exhaust air is drawn 

from the rear grille, the CDC advises that work with hazardous chemistry be conducted in the rear of 

the cabinet. This is complicated, since the smoke split (demarking the "rear of the cabinet") is an 

invisible line that extends the width of the cabinet (approximately 10-14 inches from the front grille) 

and drifts as the internal HEPA filters load with particulate. The Type B2 cabinet (also known as a 

Total Exhaust BSC) is expensive to operate because no air is recirculated within. Therefore, this type 

is mainly found in such applications as toxicology laboratories, where the ability to safely use 

hazardous chemistry is important. Additionally, there is the risk that contaminated air would flow into 

the laboratory if the exhaust system for a Type B1 or B2 cabinet were to fail. To mitigate this risk, 

cabinets of these types generally monitor the exhaust flow, shutting off the supply blower and sounding 

an alarm if the exhaust flow is insufficient. The Type C1 BSC was borne out of necessity to control 

infectious material, chemical hazards, reduce operating costs and add flexibility in modern 

laboratories. The Type C1 moves air by mixing inflow air with the air in the columns of downflow air 

marked for recirculation. Air above a clearly delineated section of the work surface is drawn by a 

second internal fan where it is exhausted through a HEPA filter. The C1 differs from a Type A in that 

it can use this single pass airflow, and when installed in a ducted operating mode, can protect from 

hazardous chemistry, like the Type Bs. The C1 also differs from the Type B BSCs in several ways; 

(1) it does not require a hard connected, dedicated exhaust system and blower to operate, (2) pending 

a risk assessment, the BSC can run for an extended duration to increase operator protection during a 

remote exhaust system failure, and (3) Type C1 BSCs can run without being connected to an exhaust 

system at all. 

 

Class 3: The Class III cabinet, generally only installed in maximum containment laboratories, is 

specifically designed for work with BSL-4 pathogenic agents, providing maximum protection. The 

enclosure is gas-tight, and all materials enter and leave through a dunk tank or double-door autoclave. 

Gloves attached to the front prevent direct contact with hazardous materials (Class III cabinets are 

sometimes called glove boxes). These custom-built cabinets often attach into a line, and the lab 

equipment installed inside is usually custom-built as well. 

 

 

 



BIOSAFETY LEVELS 

 

A biosafety level (BSL), or pathogen/protection level, is a set of biocontainment precautions required 

to isolate dangerous biological agents in an enclosed laboratory facility. The levels of containment 

range from the lowest biosafety level 1 (BSL-1) to the highest at level 4 (BSL- 4). In the United States, 

the Centers for Disease Control and Prevention (CDC) have specified these levels. In the European 

Union, the same biosafety levels are defined in a directive. In Canada the four levels are known as 

Containment Levels. Facilities with these designations are also sometimes given as P1 through P4 (for 

pathogen or protection level), as in the term P3 laboratory. 

At the lowest level of biosafety, precautions may consist of regular hand-washing and minimal 

protective equipment. At higher biosafety levels, precautions may include airflow systems, multiple 

containment rooms, sealed containers, positive pressure personnel suits, established protocols for all 

procedures, extensive personnel training, and high levels of security to control access to the facility. 

 

History: 

 

The first prototype Class III (maximum containment) biosafety cabinet was fashioned in 1943 by 

Hubert Kaempf Jr., then a U.S. Army soldier, under the direction of Arnold G. Wedum, Director 

(1944–69) of Industrial Health and Safety at the United States Army Biological Warfare Laboratories, 

Camp Detrick, Maryland. Kaempf was tired of his MP duties at Detrick and was able to transfer to 

the sheet metal department working with the contractor, the H.K. Ferguson Co. 

 

 

On 18 April 1955, 14 representatives met at Camp Detrick in Frederick, Maryland. The meeting was to 

share knowledge and experiences regarding biosafety, chemical, radiological, and industrial safety 

issues that were common to the operations at the three principal biological warfare (BW) laboratories 

of the U.S. Army. Because of the potential implication of the work conducted at biological warfare 

laboratories, the conferences were restricted to top level security clearances. Beginning in 1957, these 

conferences were planned to include non-classified sessions as well as classified sessions to enable 

broader sharing of biological safety information. It was not until 1964, however, that conferences were 

held in a government installation not associated with a biological warfare program. 

 



 

Over the next 10 years, the biological safety conferences grew to include representatives from all 

federal agencies that sponsored or conducted research with pathogenic microorganisms. By 1966, it 

began to include representatives from universities, private laboratories, hospitals, and industrial 

complexes. Throughout the 1970s, participation in the conferences continued to expand and by 1983 

discussions began regarding the creation of a formal organization. The American Biological Safety 

Association (ABSA) was officially established in 1984 and a constitution and bylaws were drafted 

the same year. As of 2008, ABSA includes some 1,600 members in its professional association. 

 

 

In 1977 Jim Peacock of the Australian Academy of Science asked Bill Snowdon, then Chief CSIRO 

AAHL if he could have the newly released USA NIH and the British equivalent requirements for the 

development of infrastructure for bio-containment reviewed by AAHL personnel with a view to 

recommending the adoption of one of them by Australian authorities. The review was carried out by 

CSIRO AAHL Project Manager Bill Curnow and CSIRO Engineer Arthur Jenkins. They drafted 

outcomes for each of the levels of security. AAHL was notionally classified as "substantially beyond 

P4". These were adopted by the Australian Academy of Science and became the basis for Australian 

Legislation. It opened in 1985 costing $185 million, built on Corio Oval.[9] The Australian Animal 

Health Laboratory is a Class 4/ P4 Laboratory. 

 

 

Levels: 

 

Biosafety Level 1: Biosafety level 1 (BSL-1) is suitable for work with well-characterized agents 

which do not cause disease in healthy humans. In general, these agents should pose minimal potential 

hazard to laboratory personnel and the environment. At this level, precautions are limited relative to 

other levels. Laboratory personnel must wash their hands upon entering and exiting the lab. Research 

with these agents may be performed on standard open laboratory benches without the use of special 

containment equipment. However, eating and drinking are generally prohibited in laboratory areas. 

Potentially infectious material must be decontaminated before disposal, either by adding a chemical 

such as bleach or isopropanol or by packaging for decontamination elsewhere. Personal protective 

equipment is only required for circumstances where personnel might be exposed to hazardous 

material. BSL-1 laboratories must have a door which can be locked to limit access to the lab. 

However, it is not necessary for BSL-1 labs to be isolated from the general building. This level of 

biosafety is appropriate for work with several kinds of microorganisms including non-pathogenic 

strains of Escherichia coli and Staphylococcus, Bacillus subtilis, Saccharomyces cerevisiae and other 



organisms not suspected to contribute to human disease. Due to the relative ease and safety of 

maintaining a BSL-1 laboratory, these are the types of laboratories generally used as teaching spaces 

for high schools and colleges. 

 

Biosafety Level 2: At this level, all precautions used at Biosafety Level 1 are followed, and some 

additional precautions are taken. BSL-2 differs from BSL-1 in that: 

 

Laboratory personnel have specific training in handling pathogenic agents and are directed by 

scientists with advanced training. 

 

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

 

Extreme precautions are taken with contaminated sharp items. 

 

 

Certain procedures in which infectious aerosols or splashes may be created are conducted in 

biological safety cabinets or other physical containment equipment. 

 

Biosafety level 2 is suitable for work involving agents of moderate potential hazard to personnel and 

the environment. This includes various microbes that cause mild disease to humans, or are difficult to 

contract via aerosol in a lab setting. Examples include Hepatitis A, B, and C viruses, human 

immunodeficiency virus (HIV), pathogenic strains of Escherichia coli and Staphylococcus, 

Salmonella, Plasmodium falciparum, and Toxoplasma gondii. 

 

Biosafety Level 3: Biosafety level 3 is appropriate for work involving microbes which can cause 

serious and potentially lethal disease via the inhalation route. This type of work can be done in clinical, 

diagnostic, teaching, research, or production facilities. Here, the precautions undertaken in BSL-1 and 

BSL-2 labs are followed, as well as additional measures including: 



 

1. All laboratory personnel are provided medical surveillance and offered relevant 

immunizations (where available) to reduce the risk of an accidental or unnoticed infection. 

 

2. All procedures involving infectious material must be done within a biological safety cabinet. 

 

 

3. Laboratory personnel must wear solid-front protective clothing (i.e. gowns that tie in the back). 

This cannot be worn outside of the laboratory and must be discarded or decontaminated after 

each use. 

 

4. A laboratory-specific biosafety manual must be drafted which details how the laboratory will 

operate in compliance with all safety requirements. 

 

In addition, the facility which houses the BSL-3 laboratory must have certain features to ensure 

appropriate containment. The entrance to the laboratory must be separated from areas of the building 

with unrestricted traffic flow. Additionally, the laboratory must be behind two sets of self-closing 

doors (to reduce the risk of aerosols escaping). The construction of the laboratory is such that it can be 

easily cleaned. Carpets are not permitted, and any seams in the floors, walls, and ceilings are sealed to 

allow for easy cleaning and decontamination. Additionally, windows must be sealed, and a ventilation 

system installed which forces air to flow from the "clean" areas of the lab to the areas where infectious 

agents are handled. Air from the laboratory must be filtered before it can be recirculated. 

 

Biosafety level 3 is commonly used for research and diagnostic work involving various microbes 

which can be transmitted by aerosols and/or cause severe disease. These include Francisella 

tularensis, Mycobacterium tuberculosis, Chlamydia psittaci, Venezuelan equine encephalitis virus, 

Eastern equine encephalitis virus, SARS-CoV-1, SARS-CoV-2, MERS-CoV, Coxiella burnetii, Rift 

Valley fever virus, Rickettsia rickettsii, several species of Brucella, chikungunya, yellow fever virus, 

West Nile virus, Yersinia pestis. 



 

Biosafety Level 4: Biosafety level 4 (BSL-4) is the highest level of biosafety precautions, and is 

appropriate for work with agents that could easily be aerosol-transmitted within the laboratory and 

cause severe to fatal disease in humans for which there are no available vaccines or treatments. BSL-4 

laboratories are generally set up to be either cabinet laboratories or protective-suit laboratories. In 

cabinet laboratories, all work must be done within a class III biosafety cabinet. Materials leaving the 

cabinet must be decontaminated by passing through an autoclave or a tank of disinfectant. The 

cabinets themselves are required to have seamless edges to allow for easy cleaning. Additionally the 

cabinet and all materials within must be free of sharp edges in order to reduce the risk of damage to 

the gloves. In a protective-suit laboratory, all work must be done in a class II biosafety cabinet by 

personnel wearing a positive pressure suit. In order to exit the BSL-4 laboratory, personnel must pass 

through a chemical shower for decontamination, then a room for removing the positive- pressure suit, 

followed by a personal shower. Entry into the BSL-4 laboratory is restricted to trained and authorized 

individuals, and all persons entering and exiting the laboratory must be recorded. As with BSL-3 

laboratories, BSL-4 laboratories must be separated from areas that receive unrestricted traffic. 

Additionally airflow is tightly controlled to ensure that air always flows from "clean" areas of the lab 

to areas where work with infectious agents is being performed. The entrance to the BSL-4 lab must also 

employ airlocks to minimize the possibility that aerosols from the lab could be removed from the lab. 

All laboratory waste, including filtered air, water, and trash must also be decontaminated before it can 

leave the facility. Biosafety level 4 laboratories are used for diagnostic work and research on easily 

transmitted pathogens which can cause fatal disease. These include a number of viruses known to 

cause viral hemorrhagic fever such as Marburg virus, Ebola virus, Lassa virus, and Crimean-Congo 

hemorrhagic fever. Other pathogens handled at BSL-4 include Hendra virus, Nipah virus, and some 

flaviviruses. Additionally, poorly characterized pathogens which appear closely related to dangerous 

pathogens are often handled at this level until sufficient data are obtained either to confirm continued 

work at this level, or to permit working with them at a lower level. This level is also used for work 

with Variola virus, the causative agent of smallpox, though this work is only performed at the 

Centers for Disease Control and Prevention in Atlanta, United States, and the State Research Center 

of Virology and Biotechnology in Koltsovo, Russia. 

 



 



 


