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Editorial
One of the items on wish list of biotechnologists is to engineer 

genomes of plants to tailor high-value traits other than agronomic, 
pathological and entomological in nature. Amongst high-value traits 
are the introduction of nutrition and related characters. ‘Nutraceuticals’ 
is a portmanteau of ‘nutrition’ and ‘pharmaceuticals’, hence the word 
implies that nutraceuticals are products regulated as medicine, food 
ingredients and dietary supplements. �ese products not only provide 
protection against various diseases caused due to the de�ciency of 
the nutrients, but also have physiological bene�ts. Traditionally, 
nutraceuticals have been employed in the form of medicinal plants, etc, 
but in this modern era, nutraceuticals are being used in a variety of 
perspectives, such as nutrition and medicine.

Nutraceuticals have found their uses as dietary supplements and 
food ingredients. Produced in a variety of forms (gel-caps, tablets 
and syrups, etc), these dietary supplements may contain vitamins, 
minerals, botanical extracts, essential amino acids, Poly Unsaturated 
Fatty Acids (PUFA) and enzymes, etc, that are probably de�cient in 
most of our diets. Another category is of the functional foods. Iron-
forti�ed products are the prime examples of it. Just by addition of 
iron-containing compounds during the grinding of wheat, otherwise 
de�cient in iron, protects the wheat-dependant populace from diseases 
caused by de�ciency such as iron-de�ciency anemias, etc. Other 
examples include purple cauli�ower and purple potatoes, having 
additional anthocyanin content. Golden rice and Golden potatoes 
as well as Provitamin-A-forti�ed maize are crops that have caught 
interest of nutritionists globally. Natural sources of Provitamin-A and 
carotenoids, these crops have a huge potential of reducing Vitamin A 
de�ciency diseases e.g. Night blindness, xerophthalmia etc those are 
prevalent in many African and Asian countries. Similarly, Quinoa is 
of great nutritional value. Laden with �ber, vitamins and minerals, this 
plant also is rich in lysine, hence its proteins are nutritionally more 
complete than many vegetables [1]. �us, quinoa holds great potential 
as a Nutraceutical, to curb the malnutrition rampant in many third-
world countries, the likes of Pakistan, India, Nepal, Bangladesh and 
several African nations.

Perhaps the most researched aspects of nutraceuticals are their use 
in medicine, to cure a variety of diseases such as Cancer, Osteoarthritis, 
Cardiovascular Disorders, etc. Several plants, including food-crops 
have been found to contain certain compounds that help prevent, if not 
cure some of the aforementioned ailments. Just as Hippocrates once 
said “Let food be thy medicine”. Even in this era of rapid medicine 
evolution, cancer remains a major threat to population and a leading 
cause of mortality in developed nations. Over the years, several plants 
have been shown to contain compounds which, if incorporated into 
life-style early on, reduce the risk of cancer by as much as 33%. For 
example, blue maize has been found to be an e�ective nutraceutical 
in prevention of several types of cancers, such as colon cancer, etc 
[2]. Several chemotherapeutic agents such as Taxol, Vincristine and 

Vinblastine are derived from plants such as Taxus brevifolia and 
alkaloids of Vinca species. Nutraceuticals have also been shown to 
reduce the toxic e�ects of chemotherapeutic agents and radiation 
therapies [3].

Bacterial infections have also surfaced as major causes of 
morbidity in the modern world and the growing resistance to 
arti�cial antibiotics is a cause of serious concern. Extensive researches 
have proven that certain medicinal plants, seven in numbers, have 
shown signi�cant activity against H. pylori infections. �ese include: 
Artemisia ludoviciana, Cuphea aequipetala, Ludwigia repens, Mentha 
piperita, Persea americana, Annona cherimola, Guaiacum coulteri, 
and Moussonia deppeana [4]. Similarly, turmeric and ‘Neem’ are 
traditionally known anti-septics.

Alzheimer’s disease is another leading cause of morbidity and 
mortality that primarily a�ects people 40 years of age or older. THC, 
a compound found in marijuana and cannabis has been proven to 
prevent and destroy the neurodegenerative β-Amyloid plaques, its 
activity being more promising than the existing anti-Alzheimer’s 
drugs. Additionally, antioxidants found in papaya, water-melon, 
tomatoes and pink grapefruits have been shown to prevent several 
types of cancers and cardiovascular disorders.

�is era of rapid urbanization has seen an emerging trend of 
expressing many of the aforementioned medicinal and nutritional 
traits into other food crops transgenically. Although several people 
have shown their concerns as to its biosafety, but such drawbacks 
haven’t been reported to this date. Further, another technology called 
chloroplast transformation is available to develop environmentally 
friendly (biosafe) transgenic crops [5-9] like lettuce. �is technology 
o�ers several superior advantages like overexpression of transgenes 
up to 70% due to polyploidy at organelle and genome (plastome) 
levels, accumulation of biologically active proteins due to the presence 
of chapronin proteins and natural containment of transgenes since 
plastids are transmitted to next generation through ovary, rather 
pollens that cause horizontal gene transfer, in most of the cultivated 
plant species. Hence, the transgenics are a promising way-forward to 
develop cost-e�ective nutraceuticals.
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ABSTRACT

Safety principles are based on containment and risk assessment. The fundamentals of containment include the 
microbiological practices, safety equipment, and facility safeguards that protect laboratory workers, the environment, 
and the public from exposure to infectious microorganisms, chemical hazardous and radioactive exposure. In this 
article, we discussed the requirements and platform of biological research laboratories integrating safety issues as 
part of protection/hazard prevention and control program in the work environment in academic centers, including 
universities.
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INTRODUCTION

In the last decades, safety and biosafety gained increased concern 
during technical progress and development in life sciences, medical 
biotechnology in research laboratories in academic centers and 
pharma industries.

In academic labs, safety is considered a priority. The dynamics in 
which old labs, renew labs and novel labs are always in routine 
research work, lead the academic organization to build a consist 
Safety Laboratory Program and infrastructure to establish safety 
standards.

The scope of research laboratory safety support activities that may 
involve exposure to bio hazardous agents, hazardous chemicals, 
radionuclides and X-ray damages. The Academic Organization 
must offer an Institutional Safety Program that compiles all the 
categories [1]. The University is committed to providing a health 
and safe learning, teaching, research and work environment [2-7], 
Sackler Safety website: https://en-med.tau.ac.il/safety-on-fculty-of-
medicine2020

Safety management

The advantage of an academic research lab compared to pharma 
industries is the “small scale” category in chemical use, biosafety 
agents and radionuclides. However, the diversity of all the categories 
is ample in the academic organization compared to the industry, 
reflecting the various research project fields [3,7]. In addition, 

academic safety managements are less stricken rules than pharma 
companies [8]. Reasonably, the academic platform has to provide 
tools to minimize accidents [9]. Assessment on laboratory safety 
knowledge at universities showed that students and researchers 
were rated with low score responses and deficiencies in emergency 
question [10,11].

For improvement of safety knowledge, Table 1 denotes the Basic 
Safety Program as well as Safety Guidelines.

Safety needs to maintain an existing lab or a new research 
lab is divided in several steps:

• The academic Safety Unit has to authorize a putative lab 
program/design according to the lab research needs, taking 
in consideration the risk factors

• Most biological research labs work is based on tissue culture, 
molecular technology and the use of chemicals as basis for 
the research

• Labs should include fume chemical hood and biological 
safety cabinets (BSC) with HEPA filter in order to prevent 
chemical gas inhalation as well as bioaerosol contamination 
droplets/particles

• For radionuclide research use and X-ray/Roentgen 
equipment, additional regulations are needed.

Laboratory safety training review by the principal 
investigator (PI) or designee

Principal Investigator is responsible to ensure that all personnel in 
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the lab have the necessary skills (through training and experience), 
maturity and supervision to work safely in a lab with hazardous 
processes or substances. The PI may authorize another person to 
operationally fulfill the role. Consider the varying maturity and 
experience levels when orientating a person to the lab and when 
determining the appropriate assignments and supervision and 
training required [4]. 

Under PI supervision:

• Review the individual’s research program, identify core and 
specialized training requirements. Exception for those who 
will not be working with or adjacent to hazardous materials, 
processes or equipment

• Show researcher how to access training as tutorials in various 
fields and to acquainted the academic safety website

• Read laboratory-specific safety training/SOPs/Experiments 
protocols

• For highly hazardous materials, equipment, or processes that 
pertain to the individual’s research program (may include 
protocols, radiation registration, in addition to internal lab 
documents on carcinogens and cytotoxic reagents)

• Update the laboratory chemical inventories, the amounts 
increase or decrease, new chemicals are added, any chemicals 
which are no longer in use in the laboratory

• Prepare digital copies of Material Safety Data Sheet (MSDS) 
library in a computer lab station access to all laboratory 
workers

The following list is a basic safety feature in which the PI 
should guide his lab members:

• Lab emergency response guide and location of emergency 
numbers 

• Emergency evacuation route and meeting area

• Location of fire extinguishers 

• Location and proper use of safety showers and eyewash 
stations

• Location of MSDS in lab or online (example Tel Aviv 
University, Sackler Faculty of Medicine https://en-med.tau.
ac.il/safety-med-MSDS2020)

• Location of public building chemical and biological spill kits

• Accident report filling process

• Personal protective equipment (PPE) in the lab and PPE 
academic policy (gloves, safety glasses, goggles, lab coat)

• Vaccination policy: Hepatitis B and Tetanus

• Waste management: chemical, biological, sharp, cytotoxic 
and radioactive 

• Location and proper use of chemical fume hoods and 
biosafety cabinets 

• Location of public first aid cabinet and first aid lab kit

Biosafety

The term biosafety is used to describe the procedures and policies 
adopted to ensure the environment and personal safety [12,13].  
Laboratory biosafety practices are based on the principle of 
containment of biological agents to prevent exposure to laboratory 
workers and the outside environment. 

Primary containment protects the laboratory workers and the 
immediate laboratory environment from exposure to biological 
agents.

Secondary containment protects the external laboratory 
environment from exposure to potentially hazardous agents of 
laboratory workers and environment.

The combination of primary PPE and secondary containments will 
reduce the exposure of the pathogens [14-16].

The main biosafety topics consist of the following:

•  Laboratory design and maintenance: a lab’s arrangement 
and layout is there to make scientific research as smooth 
as possible and keep researchers comfortable improving 
productivity and minimizing errors

•  Biological safety cabinets and other primary containment 
devices: good microbiological practice and procedure [17] 

•  Personal protective equipment (PPE): refers to clothing 
and equipment to protect the user from specific hazardous

• Decontamination and waste management: cleaning, 
disinfection and sterilization 

• Biosafety program management: risk control strategy and 
standard operating procedures (SOP)

•  Outbreak preparedness and resilience: early-warning 
surveillance, no work is risk free, prevents handling of 
leaking or badly packed specimens, operational procedures 
are in place and personnel involved in the work have been 
appropriately trained [18-22] 

•  Risk assessment: ways to reduce the risk are based on the 
use of micro-volumes, avoid culture and propagation of the 
pathogen, inactivate clinical specimens before disposal and 
analysis, and use non-infectious controls.

Hazardous chemicals

Chemicals liquids and powder are the essences of a research 
laboratory at the Academic system. The efforts in organizing 
chemicals in the Faculty are a key in minimizing accidents risks 
[23]. Chemical practices are divided in: storage, handling and 
moving. Data on particular reagents are found in compendia of 
reagents (https://www.rsc.org/Merck-Index).

The main hazardous chemicals topics consist as the 
following:

• Storage separation: minimize chemical storage. Hazardous 
chemicals should be separated due to their toxicity, 
flammability or reactivity

• Storage segregation: strong acids should be kept away from 
strong bases; highly-flammable liquids should be kept from 
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all other materials, strong oxidizers away from organic or 
flammable materials

• Storage ventilation: toxic substances, especially high volatile, 
are stored within a cabinet that should be vented in a way 
that vapors, fumes escape from the close cabinet

• Handling: workers should handle chemical after training 
and become familiar with the MSDS. Preferable to handle 
small amounts of chemicals for research use and to open the 
original bottles in a fume hood. Keep chemical containers 
closed unless actively in use. High hygienic habits in the lab 
as removing personal protective equipment before leaving 
the lab, washing hands constantly, never eat, drink, smoke, 
apply cosmetics or contact lenses manipulation 

• Moving: it is advisable to pack and move chemicals and 
hazardous materials during regular work hours. Prepare 
check list events including a spill or accident possibility. 
The University should provide public eyewash and shower 
stations in addition to emergency cabinets for a small 
spill event. Become familiar with all spill equipment, fire 
extinguishers and emergency exits.  

Radionuclides and X-ray 

An academic radiation tutorial/program presents the information 
necessary for the users of radioactive materials and radiation 
producing machines to properly understand and follow the 
University policies and procedures [24,25]. Occupational medical 
examination/consultation is conducted for the radioactive workers 
under dosimeter monitor. The topics to cover are: safe use of 
laboratory equipment and radionuclides, safe handling, storage 
and disposal of radionuclides, protective clothing, and methods to 
control and measure the radiation levels, radiation body doses and 
putative contamination.

The main radionuclides/X-ray exposure topics consist as 
the following:

• The basic safety standards prescribe permissible levels of 
exposure to radiation and fundamental operational 
principles creating “the code of practice”: Time, distance, 
and shielding and contamination control. Minimize 
exposure time; maximize distance using forceps and tongs; 
use appropriate shielding according to the radioactive 
source (glass stock vial, plexiglass, over lead and steel). 

• External dosimeter: Radiation dose monitor (whole body) 
is requested for the occupational radiation dose when a 
sort of radionuclides/X-ray machines are used. Thermo 
luminescent dosimeters (TLD) are supplied and processed 
by independent outside companies. TLD is a small crystal 
which absorbs the energy from radiation. When heated, 
the badge releases the stored energy in the form of visible 
light. It measures the whole body dose and shallow dose 
and consists of a TLD crystal and a holder. The holder 
has several filters which help in determining the type and 
energy of radiation. The badge will detect gamma and 
x-rays, high energy beta particles, and in certain special 
cases, neutrons. It does not register radiation from low 
energy beta emitters such as H-3 (tritium), C-14 (carbon-14), 
and S-35 (Sulphur-35), since their betas will not penetrate 
the plastic covering on the TLD holder

• Contamination control: Wipe test method (for H-3, C-14 
or S-35); Geiger probes (direct reading method for high 
energy betas, X-rays and gamma radiation); combined both 
methods

• Disposals: All waste or decay storage area is part of the 
inventory. Radioisotopes should be disposed in solid 
waste containers. Advisable not to accumulate container 
radioactive waste, i.e., an external company should collect 
the waste routinely

Risk management and accidents

Results from several studies have suggested that researchers are 
disinclined to conduct safety assessment prior to conducting 
experiments [26-28].

The factors for risk assessment can be summarizing in two 
categories: agent hazardous (chemicals, bioagents, radionuclides) 
and laboratory procedure hazards.

Risk assessment should be reviewed after implementation of 
selected safeguards, proficiency of staff regarding safe practices in 
the lab and after complete the integrity of safety equipment. The 
value of the Safety Unit support is to overcome the competency 
gaps increasing the professional training for students, workers and 
PIs [28-30]. To update and adapt safety regulations for each lab 
is also fundamental to minimize the risks. In Figure 1, a refined 
safety lab program is denoted starting from a lab construction to an 
ongoing laboratory.

Altogether, there are still accidents in the labs [23,31]. 

In the event of gross chemical contamination on the body, the 
laboratory worker should remove contaminated clothing, activate 
the safety shower and stand under the water for a minimum of 
15 minutes, then seek medical assistance. Behavior of the PI/Lab 
manager/Designee is the first step on the comprehension of the 
event and a reliable report including details like the chemical/
pathogen/radioactive source of the “spill”, spill place and dispose 
manner will be the base for future prevention contaminations.

CONCLUSION

One of the keys for keeping safety organization effectiveness is the 

Figure 1: Refined safety lab program. PET machine: Positron Emission 
Tomography.
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routine inspection and investigation of any laboratory accident 
and reporting any fail in safety organization. Academic and safety 
lab organization must be keeping its preparedness in high level 
with regular exercises/simulation and reviewing its safety protocol 
effective and fulfilling any gaps (Figure 1). 

Practical assessments should be conducted before the laboratory 
is operational to ensure that the selected risk control measures are 
feasible in the outbreak context.

Test runs and exercises mock specimens to demonstrate risk control 
measures. Test runs of equipment and facilities with performance 
check, exercise challenges with simulated hazardous spills and 
tracing contamination should be applied.

Human error is the main cause of accidents in the labs. Therefore, 
experienced, competent, well-trained and safety-conscious 
laboratory personnel are essential to lower the potential risk of 
chemicals, hazardous bioagents or radionuclides contaminations.

When properly handled, radiation sources represent a minimal 
risk to research personnel. In order to minimize the likelihood 
of accident events, an understanding of the principles of 
radiation protection is essential. Tutorials on radionuclide safety/
methodology and Safety Unit support will give a strong foundation 
in these principles as well as tools necessary to decontaminate and 
evaluate hazardous situations that may arise. 

Whenever feasible, general laboratory ventilation, chemical fume 
hoods and secondary containments should be implementing to 
minimize exposure of hazardous chemicals.

Safety officers and Safety Unit at the Academic milieu is occasionally  
underdeveloped, necessary call and re-examination to encourage 
and implement safer lab practices will improve the lab environment 
safety. 

The digital revolution, globalization of many academic institutes, 
new organizational structures, changes and introduction of novel 
technologies continue to transform the research work leading the 
need of a digitalized Safety Program System to fit each lab in the 
university. The digital safety program will provide an outcome that 
expresses the closest risk assessment score of the lab approaching 
the accident prevalence rate to a minimum.
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Annual chemical monitor check for the chemical compounds most common 
use in biological labs as isoflurane, formalin, xylene

Principal Investigator (PI) to provide PPE for the lab members including 
protection for chemicals, biological agents and radioactive work practices

Annual regulation inspection of all radioactive rooms, X-ray/radioactive 
equipment

Revision on recombinant and synthetic nucleic acid molecules must be 
conducted as well as the use of bacterial and viral particles in recombinant 
vectors

Provide Safety Officers for each Faculty who acquainted lab experience and 
professional knowledge on safety issues: chemical, biology and radioactive

https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=26268493&AN=149984932&h=Hman8lKDZaUAzHKyoToUUzfiKbDvGZzI00aU%2fWLnDi7%2bRCZlmrrNipvu%2fzjHbMWat27U0t5YtkJaTqopAZGWAg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d26268493%26AN%3d149984932
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=26268493&AN=149984932&h=Hman8lKDZaUAzHKyoToUUzfiKbDvGZzI00aU%2fWLnDi7%2bRCZlmrrNipvu%2fzjHbMWat27U0t5YtkJaTqopAZGWAg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d26268493%26AN%3d149984932
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=26268493&AN=149984932&h=Hman8lKDZaUAzHKyoToUUzfiKbDvGZzI00aU%2fWLnDi7%2bRCZlmrrNipvu%2fzjHbMWat27U0t5YtkJaTqopAZGWAg%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d26268493%26AN%3d149984932
https://pubs.acs.org/doi/full/10.1016/S1074-9098(02)00457-4
https://pubs.acs.org/doi/full/10.1016/S1074-9098(02)00457-4
https://scholar.google.com/citations?user=h_VQV0UAAAAJ&hl=en&oi=sra
https://www.longdom.org/open-access/biological-risks-management-in-low-income-countries-2167-0331.1000e141.pdf
https://www.longdom.org/open-access/biological-risks-management-in-low-income-countries-2167-0331.1000e141.pdf
https://www.longdom.org/open-access/intralaboratory-consistency-an-argument-for-biosafety-principles-in-academia-2167-0331.1000e145.pdf
https://www.longdom.org/open-access/intralaboratory-consistency-an-argument-for-biosafety-principles-in-academia-2167-0331.1000e145.pdf
https://www.researchgate.net/profile/Mehwish-Hussain-2/publication/285019771_Biosafety_Outside_Laboratories/links/56cfc9b708ae4d8d649fcb52/Biosafety-Outside-Laboratories.pdf
https://www.jstor.org/stable/24806283
https://www.jstor.org/stable/24806283
https://www.jstor.org/stable/24806283
https://www.jstor.org/stable/24806283
https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00226
https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00226
https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00226
https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00226


5

Rapaport D OPEN ACCESS Freely available online

Med Saf Glob Health, Vol. 10 Iss. 2 No: 153

9. Hill Jr RH. The impact of OSHA's laboratory standard on 
undergraduate safety education. J Chem Health Saf. 2016; 23(5):12-7.

10. Withanage ND, Priyadarshani AM. An assessment on laboratory safety 
knowledge among allied health sciences students at the University of 
Sri Jayewardenepura, Sri Lanka.

11. Van Noorden R. Safety survey reveals lab risks. Nat New. 
2013;493(7430):9.

12. Richmond JY, McKinney RW. Biosafety in microbiological and 
biomedical laboratories. US Government Printing Office; 2009.

13. Ta L, Gosa L, Nathanson DA. Biosafety and biohazards: Understanding 
biosafety levels and meeting safety requirements of a biobank. Bioban. 
2019; 1(2):213-25.

14. Kojima K, Bennett A, Blacksell S, Heisz M, Makison Booth C, 
McKinney M, Summermatter K. Laboratory biosafety manual.

15. Chosewood LC, Wilson DE. Biosafety in microbiological and 
biomedical laboratories. US Department of Health and Human 
Services, Public Health Service, Centers for Disease Control and 
Prevention, National Institutes of Health; 2009.

16. Mohammad M, Mahshid J. Laboratory Safety Organization. Biosaf 
2014; 3(1): 148

17. Hinrichs T, Gragert S, Klein M. Biological safety cabinets: Simulation 
and quantifying of airflow perturbation caused by personnel activities. 
Appl Biosaf. 2016;21(1):12-8.

18. Kalam A, Asif E, Tabassum S. Biosafety and biosecurity measures in 
clinical/research laboratory: Assistance with international guidelines: 
Laboratory biosafety and biosecurity guidelines. Proceedings of the 
pakistan academy of sciences: B Lif & Envir Sci. 2021; 58(S):31-5.

19. Zaki AN. Biosafety and biosecurity measures: Management of biosafety 
level 3 facilities. Int J Antimicrob Agents. 2010;36:S70-4.

20. Emery RJ, Rios J, Becker ZB, Haltiwanger B, Patlovich SJ. 
Characterization of work settings in which biosafety professionals 
conduct operations: Results from the first survey of the biosafety 
analytics initiative survey series. Appl Biosaf. 2020; 25(2):90-5.

21. Mohammadi AA. Regional and national capacity building to respond 
to biological risks. Biosaf.2012;1(2):123.

22. Halabi SF, Katz R, editors. Viral sovereignty and technology transfer: 
The changing global system for sharing pathogens for public health 
research. Cambridge University Press; 2020.

23. Ménard AD, Trant JF. A review and critique of academic lab safety 
research. Nat Chem. 2020 ;12(1):17-25.

24. AEA, “IAEA safety standards radiation protection and safety of 
radiation sources: International basic safety standards (Interim Edn) 
general safety requirements-Part 3 No. GSR Part 3 (Interim). Gen Saf 
Requir. Part 3, 2014.

25. Delves D. International Atomic Energy Agency. IAEA safety glossary: 
Terminology used in nuclear safety and radiation protection. 2007. 
Vienna: International Atomic Energy Agency. 2007:227.

26. Ayi HR, Hon CY. Safety culture and safety compliance in academic 
laboratories: A Canadian perspective. J Chem Health Saf. 2018 
;25(6):6-12.

27. Kalteh HO, Mortazavi SB, Mohammadi E, Salesi M. The relationship 
between safety culture and safety climate and safety performance: A 
systematic review. Int J occup safety and ergonomics. 2021;27(1):206-
16.

28. Beeckman DS, Rüdelsheim P. Biosafety and biosecurity in 
containment: A regulatory overview. Frontiers in Bioengineering and 
Biotechnology. 2020 Jun 30;8:650.

29. Li N, Hu L, Jin A, Li J. Biosafety laboratory risk assessmentnt. J. Biosaf 
Biosecurity. 2019;1(2):90-2.

30. Abu-Siniyeh A, Al-Shehri SS. Safety in medical laboratories: Perception 
and Practice of University Students and Laboratory Workers. Appl 
Biosaf. 2021;26(S1):S-34.

31. Minyahil T, Mengistu M, Andualem TB. Needle-stick and sharps 
injuries among health care workers in Wolaita zone, southern 
Ethiopia. Med Safe Glo Heal 2016; 5(2):130.

https://pubs.acs.org/doi/abs/10.1021/acs.chas.8b23506
https://pubs.acs.org/doi/abs/10.1021/acs.chas.8b23506
http://192.248.32.11/bitstream/handle/123456789/6237/An Assessment on Laboratory Safety Knowledge among Allied Health Sciences Students at the University of Sri Jayewardenepura%2C Sri Lanka.pdf?sequence=1&isAllowed=y
http://192.248.32.11/bitstream/handle/123456789/6237/An Assessment on Laboratory Safety Knowledge among Allied Health Sciences Students at the University of Sri Jayewardenepura%2C Sri Lanka.pdf?sequence=1&isAllowed=y
http://192.248.32.11/bitstream/handle/123456789/6237/An Assessment on Laboratory Safety Knowledge among Allied Health Sciences Students at the University of Sri Jayewardenepura%2C Sri Lanka.pdf?sequence=1&isAllowed=y
https://www.nature.com/articles/493009a
https://www.nature.com/articles/493009a
https://books.google.co.in/books?hl=en&lr=&id=iYOXoKYDaHAC&oi=fnd&pg=PA1&dq=US+Department+of+Health+and+Human+Services,+Biosafety+in+Microbiological+and+Biomedical+Laboratories+(BMBL,+5th+edition),+vol.+5th+Editio,+no.+revised+December.+2009.&ots=3GzR-XSYfp&sig=QYQuqF7oyWr16Y4TljIW9lgDvXc&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=iYOXoKYDaHAC&oi=fnd&pg=PA1&dq=US+Department+of+Health+and+Human+Services,+Biosafety+in+Microbiological+and+Biomedical+Laboratories+(BMBL,+5th+edition),+vol.+5th+Editio,+no.+revised+December.+2009.&ots=3GzR-XSYfp&sig=QYQuqF7oyWr16Y4TljIW9lgDvXc&redir_esc=y#v=onepage&q&f=false
https://link.springer.com/protocol/10.1007/978-1-4939-8935-5_19
https://link.springer.com/protocol/10.1007/978-1-4939-8935-5_19
https://link.springer.com/protocol/10.1007/978-1-4939-8935-5_19
https://boris.unibe.ch/150305/
https://boris.unibe.ch/150305/
https://books.google.co.in/books?hl=en&lr=&id=LCHDtz-0ZIMC&oi=fnd&pg=PA1&dq=CDC,+%E2%80%9CBiosafety+in+Microbiological+and+Biomedical+Laboratories,+quinta+edici%C3%B3n,%E2%80%9D+Central+of+Diseases+Control+and+Prevention+(CDC).+2009.&ots=ssY8sBl1fj&sig=d1HJjRGuLJG3qGUFA-QJ7rAt5XQ&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=LCHDtz-0ZIMC&oi=fnd&pg=PA1&dq=CDC,+%E2%80%9CBiosafety+in+Microbiological+and+Biomedical+Laboratories,+quinta+edici%C3%B3n,%E2%80%9D+Central+of+Diseases+Control+and+Prevention+(CDC).+2009.&ots=ssY8sBl1fj&sig=d1HJjRGuLJG3qGUFA-QJ7rAt5XQ&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=LCHDtz-0ZIMC&oi=fnd&pg=PA1&dq=CDC,+%E2%80%9CBiosafety+in+Microbiological+and+Biomedical+Laboratories,+quinta+edici%C3%B3n,%E2%80%9D+Central+of+Diseases+Control+and+Prevention+(CDC).+2009.&ots=ssY8sBl1fj&sig=d1HJjRGuLJG3qGUFA-QJ7rAt5XQ&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=LCHDtz-0ZIMC&oi=fnd&pg=PA1&dq=CDC,+%E2%80%9CBiosafety+in+Microbiological+and+Biomedical+Laboratories,+quinta+edici%C3%B3n,%E2%80%9D+Central+of+Diseases+Control+and+Prevention+(CDC).+2009.&ots=ssY8sBl1fj&sig=d1HJjRGuLJG3qGUFA-QJ7rAt5XQ&redir_esc=y#v=onepage&q&f=false
https://www.longdom.org/open-access/laboratory-safety-organization-2167-0331.1000e148.pdf
https://www.longdom.org/open-access/laboratory-safety-organization-2167-0331.1000e148.pdf
https://www.liebertpub.com/doi/10.1177/1535676016635369
https://www.liebertpub.com/doi/10.1177/1535676016635369
https://www.liebertpub.com/doi/10.1177/1535676016635369
http://www.ppaspk.org/index.php/PPAS-B/article/view/475
http://www.ppaspk.org/index.php/PPAS-B/article/view/475
http://www.ppaspk.org/index.php/PPAS-B/article/view/475
http://www.ppaspk.org/index.php/PPAS-B/article/view/475
https://www.sciencedirect.com/science/article/abs/pii/S0924857910002670
https://www.sciencedirect.com/science/article/abs/pii/S0924857910002670
https://www.liebertpub.com/doi/abs/10.1177/1535676020902614?journalCode=apb.1
https://www.liebertpub.com/doi/abs/10.1177/1535676020902614?journalCode=apb.1
https://www.liebertpub.com/doi/abs/10.1177/1535676020902614?journalCode=apb.1
https://www.liebertpub.com/doi/abs/10.1177/1535676020902614?journalCode=apb.1
https://www.longdom.org/open-access/regional-and-national-capacity-building-to-respond-to-biological-risks-2167-0331-1-e123.pdf
https://www.longdom.org/open-access/regional-and-national-capacity-building-to-respond-to-biological-risks-2167-0331-1-e123.pdf
https://www.nature.com/articles/s41557-019-0375-x
https://www.nature.com/articles/s41557-019-0375-x
https://pubs.acs.org/doi/abs/10.1021/acs.chas.8b25606
https://pubs.acs.org/doi/abs/10.1021/acs.chas.8b25606
https://pubs.acs.org/doi/abs/10.1021/acs.chas.8b25606
https://www.tandfonline.com/doi/abs/10.1080/10803548.2018.1556976
https://www.tandfonline.com/doi/abs/10.1080/10803548.2018.1556976
https://www.tandfonline.com/doi/abs/10.1080/10803548.2018.1556976
https://www.tandfonline.com/doi/abs/10.1080/10803548.2018.1556976
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00650/full
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00650/full
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00650/full
https://www.sciencedirect.com/science/article/pii/S2588933818300165
https://www.sciencedirect.com/science/article/pii/S2588933818300165
https://www.liebertpub.com/doi/full/10.1089/apb.20.0050
https://www.liebertpub.com/doi/full/10.1089/apb.20.0050
https://www.liebertpub.com/doi/full/10.1089/apb.20.0050
https://www.researchgate.net/profile/Minyahil-Tadesse/publication/334572705_Needle-stick_and_Sharps_Injuries_among_Health_Care_Workers_in_Wolaita_Zone_Southern_Ethiopia/links/5d31be62299bf1547cc39cb0/Needle-stick-and-Sharps-Injuries-among-Health-Care-Workers-in-Wolaita-Zone-Southern-Ethiopia.pdf
https://www.researchgate.net/profile/Minyahil-Tadesse/publication/334572705_Needle-stick_and_Sharps_Injuries_among_Health_Care_Workers_in_Wolaita_Zone_Southern_Ethiopia/links/5d31be62299bf1547cc39cb0/Needle-stick-and-Sharps-Injuries-among-Health-Care-Workers-in-Wolaita-Zone-Southern-Ethiopia.pdf
https://www.researchgate.net/profile/Minyahil-Tadesse/publication/334572705_Needle-stick_and_Sharps_Injuries_among_Health_Care_Workers_in_Wolaita_Zone_Southern_Ethiopia/links/5d31be62299bf1547cc39cb0/Needle-stick-and-Sharps-Injuries-among-Health-Care-Workers-in-Wolaita-Zone-Southern-Ethiopia.pdf

	Title
	Corresponding Author
	ABSTRACT

