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Practical study, experiment, and observation are of great importancc in developing str,rdents'

perceptions, creativity and the degree of their information absorption. A new culture and

contexts for occupational and community safety and security have emerged and developed now
regarding education in laboratories and research centers in academic institutions. Working in
Iaboratories requires full awareness of the importance and danger of lhe materials and devices

used, as many of the materials are toxic, initating to membranes, and materials that are

incendiary or flammable, so before starting laboratory work, we must be aware ofthe importance
and danger of the materials used, and take caution how to be careful and to follow the safety

insmrctions recommended by each laboratory according to the requirements of quality and
reliability. The rules of safety and security fbr employees conre first. This guide deals with the
general foundations of safety and security in scientific and biological laboratories thar students

nrust tbllow under the supenision of laboratory ot}icials and supenisors to achieve dre

maximum levels of safety and security and to preserve rhe environment. lt is also an important
reference for all univenity employees, especially faculty memben, so everyone is required to
bear the responsibility entrusted to him in this regard, because security end safety is everyone's
responsibility to meintein the heelth of the work environmenG the slfety of individuals,
,nd the property that frlls under their responsibility. The guide contains security and safety
rules policies and procedures, emergency plans programs, and procedures that aim to reduce the

risks to which laboratory workers are exposed to, by avoiding and limiting risks and minimizing
losses that may result from damage lo their property. Achieving safety and security requires the
panicipation of all members of the college and university in applying the instructions,
recommendations and procedures of the Safety and Security Committee at once , in order to
reach our applied and educational laboraories to the degree of "Good Tnined Laboratories"
(GLP). During training and educational programs that reflect positively on them and their
performance, therefore, ernphasis must be placed on the quality of management, system and

accreditation programs in public and private laboratories in order to determine the level of rapid
change in measuring the efliciency of performance, so the application of this guide is one of
the basic means to achieve the highest levels ofquality and instirutional accreditatiorr.

This guide represents a high measure of safety and security levels and institutional quality, and

we are working to implement the items and procedures contained in this book as possible,

stressing our determination to develop in order to reach the optimum for the continuation of
safety and institutional security levels for individuals and environment.
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(-hapter Onc

" Occupational Safety and Securit-v of Technical college

of health and medicine"

" Occupational Safety and Security policy and programs are well suited and confrmed in our
college technical ofhealth and medicine and implemented by all ofour students and health care

professionals stuff acrording to intemal and extemal safety and security regulations laid by the

intemational orgadzations and agencies on bases of World health organization. ln this guide

report, risk assessment, engineering and administrative controls, potential risks and emergency
plans were discussed.

Technical collese of health and medicine:

Table-l lists the 23 scientific laboratories for the technical college of health and medicine

regarding three departnents:

I , I - Technical depafiment of pathological analysis.

1,2- Departue of optics.

1,3- Department of orthodontics.

l-Risk assessment:

Careful examination ofany case in your work or workplace which cause tarm to people or
€nvironment. so that precoutiotrs or cotrtrols are necessary to prevent such harm should be
extensively determined via the following:

-Collecting informntion on chemical industries and sites where hazardous chemicals are
produced and./or stored.

-Gathering of informrtion on toxic elfects of involved chemicals.
-Evaluation of information to determine possible risks associated with cxposure.
- Systematic evaluation ofthe likelihood ofan adverse effect arising from exposure in a defined
populetion.

- System|tic process for describing qualifying and chrracterize the risks associated with
hazardous substances, flction or events es seen in trble.2.

Risk assessment will ensure a comprehensive analysis of the most current data related to a

hazard and will result in an output; and provide several opportunities for control. The final
intention is to prevent accidents or work-related damage to health in the wor*place. It is
irnportant to rernember that performing risk assessment entails fl grert derl of computer work
with specialized soflware to help analyze the ditTerent type data and model different scenarios
and it is a ieamwork continuous process.
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Risk assessment of hazards:

It is a process which entails the following: ll is a process which entails the following:

l-Hazsrd identifi cation:

I .l ts lo identify the adverse effects which a chemical, substance or a certain situation (case)
has an inherent capaciry to cause a particular effect in the assessmenl process.

1.2 Gather and evaluate data on types of health effect or disease that may be pmduced by
exposure, neurological effecls or cancer.

2-Exoosure assessment:

ls the determinrtion/estimetion of the emissions, pathways, and rates of movement of a
substance and its transformation or degradalion in order to estimale the co[centrations/doses to
which human populations or environmental compsrtments are or may be exposed to.

3-Risk manaqement:

Is a decision-making process that involves weighing politicel, socirl, economic, and
engineering information against risk-related information to develop, analyze and compare
regulatory options and select ah€ oppropristr reguhtorv response {nd solution to a potential
heahh or environmental hazrrd.

Mrnagemenl of health care workers exposed to, colonized by, or infected with microorganisms;
an outbreak manaBsment pro€ess for exposures and,/or healthcare worken who are symptomatic
or colonized with infectious disease; and access by occuparional healrh professionals to utilize
medical assessment and diagnostic services for timely follow-up for health care worker
exposures.

.1. Risk ('haracterization 
:

Is the estimstion of the incidence and severity of the edverse erlects likely lo occur in i
humen populetion or environmetrtil comprrtmetrt due to ictuel or predicted erposure to .
subst{nce.
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5.Risk reduction:

Risk reduction is achieved using risk assessment matrix (table-3) according to the
value of the risk assessment process and the hierarchy of controls as seen by
figure-|, thus kecping people awty from the hazard, changing the way people work to
reduce exposure to the hazard, allowing workers to be exposed to the hazard rvhile wearing

personal protective equipment (PPE) taking measures to protect humsns rnd/or the



envirodment against the risks identihed. Additional factors should be taken into account before
a risk management decision is taken, including: Elfectiveness, practicality, monitor ability,
objectivity. administrrtive simplicity, consiitency, public acceptability, time. and the nrture
of the legislaaive mandate.

Table - 3 Risk sssessment matrir.
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With such ergonomic hazards include:

l -Ensineerin g confi'ols:
Many engineering controls are available for controlliag the hazard at the source and along the

path ofnansmission. For chemical hazards, common engineering controls include and according

to hierarchy ofcontrols triangle as seen by figure l:
l- Elimination.

2-Substitution.

3- Local exhaust ventilation.

4- General ventilation (only appropriate for non-toxic chemicals).

5- lsolatiorVenclosed processes.

6- Proper chemical storage.

7- Facility design.

Elimination

Elimination of r hrzardous chemicrl from the workplace is alweys desirable but not always
possible.

Substitution:

Some chemicals used in the process or erperiment are chosen besed on tndition or cost. In
recent years, effons have been made to find less hazardous alternatives to some of the chemicals
commonly used

2-Administrative controls:

As administrative controls, policies lnd procedures should be in place to ensure that there are
safe work procedures for storing, using chemicals and discarding chemical wastes appropriately
that health care workers may come into contact with a number of chemicals or infectious
matters lhrough their work. Workplac€ Hezardous Mrteriols lnformation System (WHMIS)
training should be provided to all health care personnel. In addition, emergency call lines that
provide expertise and advice regarding toxic chemicals should be made available.
Administrative controls include policies, procedures, work prectices, rules, treining, and
work sch€dulinB.

5
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A WHMIS program is an Ndministrative control to rcduc€ th€ risk of exposure to hezardous
mrterirls itr the workphce and is a legrl requirement for rll employers who use cotrtrolled
producas in their work plsce. Material Safety Dau Sheets fbr all producls in rhe workplace,
ensuring all producrs are appropliately labelled and ensuring that all wor*ers are instructed on
how to use the chemicals saf'ely.

ExDosure follow-uD emerqencv response equiDment:

Two types of erposure follot-up are considered as administrative controls. The lirst is the
provision of rpproprirte emergercy response equipme[t ao reduce the imprct of the
erposure. The second is the medital follow-up for workers rvho hrve bio infected or had a
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chemical exposure. Emergency response equipment for healthcare workers usually refers to
emergency eyewashes that can provide sufficient water to dilute the contaminant before it can
cause extensive damage. Wherever chemical exposure couH pose e hczrrd to eyes attd skin,
emergency wssh devices ere required. Appropriate signage that is easily visible must be
provided to indicale where the eyewashes are kept. A worker who hrs hrd r chef,icsl
exposure mry require medicel tollow-up. Cuidelitles are arailable lo pro\ide inlonnation r:n
thc trcatrnelt arld ruonitoring ofu,orkcrs rvitlr cxposurc to spccific hazardous agcnt-

(lhemical wrste handlinq and disnosal

Chemical wastes must be addressed with a good chemical waste management system. Municipal
and or provircial codes adfuess appropriate disposal requirements and aim to reduce
contamination, possible injuries, illness or reactions related to chemical exposures.

Additional considerations for reducing risk of exDosure

It is prudenl to be aware ofthe need for modification ofthe work enrironmenr, conditions or the
rcquircd PPE lbr rvorksrs wlro rrray bc rncdically vulncrablc lo th!- effccts of somc substances.
Higlrcr risk workers may include pregoant workers, workers with r[ergies or those who ere
scnsitized to c€rtein chcmicals. Some common approaches to accommodate these worters
include temporary reassignment to areas or tasks where the exposure potential is eliminated;
work scheduling to reduce the amount of exp,osure, and changes to the PPE to accommodate
limitations.

l - Adjustment of the workst&tion to the patient each time.
2- Scheduling ofpalients to reduce risk.
3- Training regarding ergonomic hazards and control sraregies

Trainine:

Training in biological hazards and controls should be provided to all heahh care professionals
and u,orkers who must understand the emplo!'€r's infection prevention control. IPC and
occuprti,onrl safety and health, OHS programs rs the) relrte to his or her job duties. To
ensure thrl herlth care workers und€rstand rnd rpply this informrtion to their jobs,
specilic triiniog should rho be provided to rddr$s job-sp€cifc biologicd hazerds.
Periodic refresher tnining to reinforce polici€s rnd procedtres 0nd introduce Nny new
pnctices will bcnelia dl healthcDe workers:

l- Edllcation aboul veccirle,prev€ntsble diseases.
2- Risk assessment to determine the need for immunization or surveillance based on potential
exPosue.
3 - Administration of immunizalions (or referral for immunizalions, as appropriate).
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4-Documentation and follow-up of any baseline health assessments, communicable disease
status and immunizations. ldeatty, the immunization aud surveillance programs should provide
easy, authorized access to healthcare workers immune stafus records for follow up of exposure
incidents and outbreaks. ln some cases, irnmunizations or baseline testing may be required prior
to cormencement of work- Post-exposure follow-up management Post-expostue routine
practices and additional precautions Procedural conffols may include procedures that relate to the
use of Routine Practices and Additional Precautions as directed, baseline health assessments and
periodic screening of workers, and hazard identification and control processes. Awareness of the
infectious disease status ofpatients is another good control, though rhis is not always possible for
healthcare workers. All work procedures should include the consideration and conrrol of the risk
of exposure to workers. Routine Practices and Additional Precautions (where required) greatly
assist in reducing the transmission of infectious agents from both known and unknown patient
sources by Eeeting ,ll contacts as potential risks.
5- Early reporting system to capture symptoms ofergonomic concems.
6- Alternf,titrg working posture frequently and performing stretches during any micro-breaks.
7- lncluding ergonomic considerations in all workstation/work equipment procuement policies.
8-Maintenance ofall work equipment as per manufaclurer's recommendations.

8



Chapter 2

Levels of Bio Clinical Laboratorv

A Biological Safcty Levcl (BSL l, 2, 3 & 4) is assigncd to a biological lab as a safcguard to
prolect laboratory personnel, as well as lhe surrounding environment and community.

The assignment of the biosafety levet of a biological laboratory can be seen in table-4, takes inlo
consideration the organism (prthogenic agert) to be handled with, thc available facilities,
€quipment as wcll as practice programs for the lrborator)- o{ficials tnining as wrll as the
procedurcs required to conduct work There are individual safeguards designed to protect
laboratory personnel, as well as the surrounding environment and communiry.

These levels, rtbich are ranked from ooe to four, are selected based on the agents or
organisms that are being researched or worked on in any given laboratory setting. For example, a
besic lab setting specializing ir the reserrch of nonlethnl agetrls lhfll pose a minimrl
potenti{l thrert to lrb rorkers rtrd the envirotrment rre geremlly coniidered BSL-I which
is the lowest biosafety leb level. A specialized research labontory that deals rvith potentially
deadly infectious agents like Ebola would be designated as BSL-4 which is lhe highesl and most
stringent level.

The Centers for Disease Control and Prwention (CDC) sets BSL lab levels as a way of
exhibiting specific confols for the conbinment of microbes and biological agents. Each BSL lab
level builds upon on the previous level, thereby c{eating layer upon layer of constraints and
bariers as seen in trble 4. These lab levels ue dctermined by 6e foltowing

t. Risks related to contai[ment-

2. SeYerity of infection.

3. Tmosmissibility.

4. Nature ofthe work conducled

s. Origin ofthe microbe.

6. Agent in question.

7. Route ofexposure.

The reasotr biosafety levels arc so important is because they dictate the type of work
practices that are allowed to iake place in a labotatory setting. They also heavily influence

the overall design of the facility in question, as well as the type of specialized safety
equipment used within it.

9



Teble-4 Biosafety levels of bio hbofltories with respect ao prthoger, pnctice !!d equipEert
according to risk rssessment.

Bio safetv level -l (BSL-t):

Biossfety l€vel I as s€en in ligure 2 rpplies to hborttory settings in which personnel work
with bw-risk microbe$ thrt posc littl€ ao no thrert of infection in hedthy rdulas such ss a
lronpsthogeoic strain ofE coli. This laboratory s€tting typically consists of research taf,ing
place on benches without thc use of spccial conteminant equipment. A BSL-I lab, which ii
not required to be isolated from surrounding facilities, houses activities that require only
stendard microbid practices, such es:

t. Mechanical pip€fiing only (no mourh pipetting auowed).

z. Safe sharps handling.

:. Avoidance ofsplashes or aerosols.

4. Daily deconlamination ofall work surfaces when work is complete.

5. Hand washing.

6. Prohibition offood, drink and smoking materials in lab setting.

Biological
Salety
Levels

Description Examples CDC Classilicalioh

BSL-4 Microbes are danqe.ous and
exotic, posiru a high risk of
aeaocol-transmited inlectbns,
which are trequendy falal wittlout
treatment gr vaccines. Few labs
are at this level.

Ebola ard
Marburg vfuses

BSL.3 Microbes are indipnous or
exotic and cause serious
or potentially lethal drseases
through resplralory transmissbn.

My@bactefiwn
tuDercubsis

BSL.2 Microbes are t)?ically
irdigenous and are associated
with diseases ol varyinq se\redty
They pose moderde risk to
lv0kers and the anvironnErl.

Staphyl@occus

BSL-1 Micobes aae mt knoMt to
6use dis€ase in healthy hosts
and pose minirnal ,isk to
t roakeE and the envircnment.

tlonpathogenic
slrains of
E*t e.ichia @lt

BSL-3

BSL.2

BSL-1

high.risk
microb€s

lo\,v-risk
micxobes

10
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7. Personal prolective eouipment , such as; eye protection, gloves and a lab coat or gown

a. Biohazard signs.

BSL-I labs also requircs immediate decontamination after spills. lnfection materials are also
decontaminated prior to disposal, generally through the use ofan autoclave.

St ndlrd microbioloqicll
practlccs:
. Hand washing 3ink
. No eating, drinklng, smoking,

applying cosmetica, handling
contact lcnses, or storlng food

. No nrouth pipat'ling

. Sate handliog ot sharps

. Oacontamhate rvolk surtaces
ancr oompletion of work,
splllor spla3h; any $aste
generatcd

. Biohazard symbolwhcn
inrectious agents presEnl

W€ar lab coats or gowns,
protcctive eye wear, gloves

Windows to exlerior have
screens

WHO Biosalely Manual
3d Ed.,2004

Fig.- 2 A tlpical biosrfety l.borrtorJ- of levet-l
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Bio safetY leveF2 (Bsl-2):

This biosrfety level covers laboratories that work with rgents associrtd with human
diserses (i.e. plthogenic or infections orgrrisms) that pose a moderale heslth hrzard nhich
include equine encephrlitis viruses and HIV. as well as ,ltophyloatccus oureus (slq?h

infections) as seen by figure 3, BSL-2 laboratorics maintain the same standard microbial
pnctices as BSL-I labs, but also ircludes enhenced m€esures due to the potential risk ofthe
rforementioned microbes. Personnel working in BSL-2 hbs rre expected to tek€ even
great€r car€ lo preyent injuries such rs cu$ rnd other breschcs of the skin. rs n'ell as

ingestion aad mucous membrene erposures. ln additioE to BSL I expectation, the lbltowing
practices are requircd in a BSL 2 lab scning:

t. Appropriate personal protectir e equipment (PPE) must be wom, including lab coats and

gloves. Eye prote<tion and face shields can also be worn, as needei-



z. All procedures that can cause infection ftom aerosols or splashes are performed within a
biological safety cabiner (BSC).

3. An autoclave or an altemalive method of decontaminalion is avaitable for proper
disposals.

4. The hborrtory hrs self-closing, lockrblc doors.

5. A sink and eyewash station should be readily available.

6. Biohazard warning signs.

lnaernationsl biohezrrds wsrning symbols i[d signs must be disphyed on the doors of ahc
rooms where microorgrnisms of Risk Group2 or bigher risk groups are hendled.
Access to a BSL-2 lab is far morc rcsrrictivc than a BSL-I lab. Oulsidc pcrsonncl, or thosc with
an irtcreased risk of contamination, are often restricted from entering when work is being
conducted. Enuatrce ro BSL2 is rcstricted to trained p€rsonn€I, beginniag with interphase area
for checking, wearing gowns witir personnel measuring devices and disposable overshoes, when
gelting out of BSL2, checking should be implemented using laboratory measures and analytical
detectors as well as personnel movements are govemed by software access program through
electronic gates.

FiB.- J A typicsl biossfety hborrtory of leyel-2,

?
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Bio safetv level-3 (BSL-J):

BSL-3 laboratory typically includes work on microbes lhat are either indigenous or €xotic, and
can cause serious or potentially lethal disease through inhalation which include yellow fever,
west Nile virus, and the bacteria thal causes tuberculosis (figure 4). The microbes are so serious
tbat the work is often stricaly cotrtrolled rtrd regfutered with thc approprirte goyernment
rgencies. Labomlory personnel are also under medical surveillance and could receive
immunizations for microbes they work with. Common requiremens in a BSL-3 laboratory
include:

l. Standard personal protective equipment must be worn, and respirators might be required.

z. Solid-front wraparound gowns, scrub suits or coveralls are oflen required.

:. All work with microbes must b€ performed within an appropriate BSC.

4, Access hends-free sink aod eyewash rre evailable near the exit.

5. Sustrined directionel rirllon to draw eir inlo the lebomtory from cleen {reis towrrdg
potetrtidly contamhrted rrers (Er.hu3t rir crnnot be redrculeted)

6, A sclf-closing s€t of locking doors with access eway from generrl building coridors.
7. Access to r BSL-3 hboraaory is restricaed tnd controll€d rl sll time,

SLltrb

,.c.)

Fig.- 4 A typic8l biosafety lsborstorl' of lcvel-3
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LEV-Hood is a defined as a sucrion device, regardless of its shape which can enclose or capture
(remove) any contaminants close near the working zone (figures 5-7) used for different purposes,
also it is called as a fume hood or fume cupboard. The fume hood should be checked to the
recommended design withdrawal velocity regarding each hazardous agenl, cubic feet per
minute (fpm) values as seen in table-5 using a mechanical vinometer (hgure- s) or electronic
vinometer (figure- 9).

| - Good ergonomic design ofworkstation, chairs, instruments and equipment.
2- Use of automatic and ultrasonic instru$ents / tools whenever possible.

3-Use ofindirect vision when treating maxillary teeth.
4- Minimization ofglare throug! the use ofappropriate lighting and window coverings

t -Local exhaust ventilatio n hoods (LEV)

74

Bio safety level-4 (BSL4):

BSL-4 labs are rare. However some do exist in a small number of places in the US and around
the world. As the highest level ofbiological safety, a BSL4 lab consists of work with highly
dangerous and exotic microbes, lnfections csused by thesc e?es of microbes are frequently
fat{I, and come without treatment or vaccines. Two examples of such micmbes include
Ebola and Marburg viruses.

ln addition lo BSL-3 consid!'rations, BSL-4 laboratories have the following containment
req uirements :

t. Personnel are required to change clothing before entering, shower upon exiting

2 , Decontamination of all materials before exiting.

3. Personnel must wear the recommended personal protective equipment as well as a iirll
body, air-supplied, oositive pressure suit.

4. A Class III biological safety cabinet.

A BSL-4 leboratory is extrcmely isolated, often localed in a separate building or in an isolated
and restricted zone of the building. The laboratory also features a dedicated supply and exhaust
air, as well as vacuum lines and decontamination systems. Knowing the difference in biosafety
lab levels and their corresponding safefy requirements is imperative for anyone working with
microbes in a lab setting.

Laboratorv Infrastructure:

Ensineerins thoroughlv controls that €nsure srfe hboratorv infrastructure sre ahe
followins tasks:
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Fig.- 5 Laboratory chemical fume hood for chemicals.

Fig.-6 LEV elephant trunk hood.
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