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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.

1

Introduction:



(-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.

3

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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Fig.-7 Canopy fume hood for bench type work.

Table-S Recommended air cepture flowretes for duct design for different hazardous agents.

CONTAMINANT EXAMPLES
DESIGN VELOCIW

tfpml
i

Vapors, gasoc. rmok6 Vapols, gasos. rmoko {000 - 2000

Fumos Woldlng 2000 - 2500

Vory flno dust Corton llnr 2500 - 3000

Dry dusts8 pondora Corton dust 3000 - 4000

lndu3trial duit Grinding duet [m€etone
dust

3500 - 4000

lloavy durt
I

Saudusl, mctal turnlngg 4000 - 4500

Heavy/moi:t duets Lead du3t3, cement dust > 4500
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Fig.-8 Air anemometer (vinometer) showing air flow rate criteria.

Fig.-9 Air velocity meter anemometer calibration for Lab services.
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2-General ventilation

General ventilation systems serving buildings must be maintained regularly and inspected for
conditions that could adversely affect air quality provided to work spaces, also it is called as
dilution ventilation whjch is not recommended for working with pathogenic or contaminated
agent. Accumulations of water that could stagnate in humidification systems or drip trays may
become sources of potential biological contamination of air handling systems that need regular
monitoring and inspection. Biohazardous organisms nray be carried through general ventilation
systerns, potentially distributing them to other workspaces in a facility. Ulrrar iolet germicidal
irradiation units. and or hiqh efllciency parliculate air (llEPA) filtrarion media incorporated into
air handling systems rray be rvarranted for special circumstances. Mold grouth in the indoor
environment car be affected by relative humidity levels, which is a function of some general
ventilation systems. High relative humidity levels may contribute to an increase in lhe
growth of some molds and leod to condensation developing on surfaces. Control of indoor
relstive humidity levels is an importsnt frctor in preventing mold growth.

For biologicrl hazards, local exhaust ventilation systems are used in some dentol
instruments that create aerosols and is widely used as suction to remove seliva end
particles from patients during procedures into closed and isoleted system (figures l0-13) .

l-Drv (line) suction svstem:

This system removes solids and liquids within the surgery leaving the pipeline from the
separator to the suclion pump dry.

2-Semidrv (line) suction svstem:

This syston removes solids from one or a number of surgeries at a central collection point
adjacent to the surgery or surgaies. The pipeline lrom lhe separator to the suction pump is dry.

3-Wea (line) suction svstem

This system discharges to waste solids less than 600 nm mesh size and liquids through a "wet"
pipeline via a suction pump.

18
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Fig.-|0 Dental suction s--vstem showing dental ducting tube.

fig.-ll Dentsl suction svstem shorving dental ducting tube.
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Fig.-l2 Dental suction system of 50-liter capacity.

Fig. 13 The Safe Mercury Amalgam Removal Technique (SMART).
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3-Biolosical fetv cabinets:

Sinc€ lhe early times of microbiology, the most drngerous techniques with aerosol
formetion during microbiological laboretory opentions. like sub culturhg, hendling
suspensions, centrifuging etc. which were restricted to separated chambers within the
laboratory, supplied with UV air disinfeclion which was called "inoculating rooms", as a form
of primary contrinment. Increased efforts to strenglhen chemical laboratory work safety led to
the development of safety hoods. Parallel efforts to protect against (micro)biological exposure
led to the development ofbiological safefy cabinels (BSCs) which are closed cabinets designed
for easy decontamination, with I view screen protecting from splashing and splintering, and
continuous air flow through the cabinet with exhaust decoltsmination as seen by figures.
To&y, BSCs are manufactured in three genernl clesses, and are combined with HEPA filters.
providing clcan "particlc frcc", rlmost sterile rir work bcnchcs duc to laminar airflow. Thc use
ofHEPA filten assumes the presence ofinternal fnns in BSCs to provide adequate, directed air
flow in the cabinet. BSCs may be ducte{ (connected to an exhaust) or not ducted. Exlraust air is
usually similarly decontaminated with the use of HEPA filters; and in some instances, acrivated
carbon filten may be built into the intemal andlor exhaust air stream to adsorb toxins or other
hazardous biologrcaUchemical agenls. BSCs are equipped with HEPA filters to prorect the
product/biological procedure (aseptic/sterile operation in the workspace) and provide primary
containment (keeping contaminared air in the cabinet). Class I cabinets (frgurc 14) and are used
in the biological laboratories oflevel l.

Fig.-14 Biological safery qbinet clrss I

I

I I
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Non-ducted class 2 cabinets with HEPA filtered exhaust air fed back into the laboratory are the
most common in biological laboratories of levels I and 2 microbiological laboratories (ligure
| 5). These provide protoction to the operrtor rnd th€ work simultaneousty. In case of class
2a cabincts, thc air-blowcr recirculates 70 % of thc air through a HEPA frlter into thc workspace,
whilc 30 % is forced through anothcr HEPA filtcr back into thc laboratory air. On lhc suction
side, 30 7o fresh air enters at the fringe of the contamination of the laboratory, together with 70
o/o contaminated air from the workplace. This way, &e cabinet provides through the HEPA filter
a downward particle fiee (almost sterile) laminar air stream over the r ork-bench, and maintains
a continuous air intake through the opening ofthe view window/work opening (which should not
be highcr lhan 20-30 cm during work). The cabinct is scnsitivc to thc disruplion of the vertical
laminar airflow by objects or devices causing turbulence, e.g. the upward airflow caused by gas
bumers can cause faulls, as cau the littering ofthe workbench with un-ncccssary objccts. Class 2b
of biological safety cabincts maintain a highcr fringc inflow air vclociry (0.5 m/s), and havc
ducted exhaust outside the building.

A ,5flvYY

E

I

Fig,-l5 Biological ssfety cabinet chss ll (E?€2.{)

ClassS BSCs are mixirnum containmenl instrume[ts used in biological laboratories of leve]s

3&4 (Iigure 16). They are likely ducted glove boxes with HEPA filters for clean-air
workbenches, where materials are transferred into the work area through an isolated tunnel
interchange. The workspace ofthe BSC is usually equipped with UV lamps, which enable

o
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disinfection at layofl, and have optional access to public/laboratory services (gas, vacuum,
pressure air, water, etc.) They are constructed leak-proof, ol corrosion resistant materials lo
withstand the chemicals generally used, and the terminal decontamination with formaldehyde
vapor at {ilter change, and other service/repair operations.

@

Pcrsonal Protr:ctive Equipnrenl (PPE) such as glor.es, respiratoqr protection and cyc protcction
slrould be used based on the risk assessment. PPE is often used in conjunction with other
controls (engineering and administrative) to provide additional protection to workers. The
primary types ofPPE are designed to protect rhe worker from infectious disease by breaking the
chain of infcction at the "ponal of entry or cxit" of thc microorganisms. This means that all ppE
is designed to reduce exposure via specific routes of transmission. Gloves, gowns end olher
protective clothing reduce erposure through the dermal (skin) cotrtrct route rnd help
contain the microorganisms to the work environment Employees should be trained how to

Fig.- 16 Biological safeqr rabinet class III

4-Personal Protective Equipment controls. PPE:
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contain the microorganisms to the work eoyironment. Employees shorrld be trained ho$.to
choose and use the recornolended PPE properly (figures l7-19) by training as well as storage,
maintenance and disposal of PPE. Personal protectiv€ equipmetrt (PPE) is considered the
lowest level of protection in the hierarchy of controls, This reflects the reliance on proper
selection, fit, use and maintenance of the equipment by the organization and individual workers,
Eye and ihce protection reduce exposure tkough skin and mucous membrane contact.
Respirators reduce exposure to the respiratory sysrem. PPE is required when there is the potential
for exposure of the face to splashes or sprays of infectious material. Ihe selection of eyewear
depends upon the lrsks being conducted. Types of ey€ protection include safety glasses,
goggles! visors, face shields and table mounted barrier shields. Reguler prescription
eyewear snd contaca lenses are not considered elfective as PPE. Safety eyewear should fit the
wearer, be clean and well maintained and stored. lf necessary, goggles may be fitted with
prescription lenses or wom over glasses. Fece shields should cover the forehead, extend below
the chin. rnd wrap rround the side of the face. Masks protect the mrrcous membraoes of
the nose and mouth from exposure to lerge droplels thrt msy contain inf€caious mrterials.
Masks are commonly used to contain droplets at the source (for example. the denul worker or
patient with a coug!). Masks should fully cover the nose ,nd mouth rnd lit snugly. Masks
wom by patients to reduce exposure through droplets containment at the source, and respirators
worn by health care workers to reduce exposure [o the respiralory system. There are many
types of gloves produced by noyel companies suitsble for protecaion against any job
whether it is chemical, clinical, surgical, biological and for engineering purposes such as
cutting, welding and thermf,l .......... ctc.

Fig.-17 Engineers weerirg herd protecting hat
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Goggles

Face shields

Fig.-lE Safety glasses, goggles and face shields against UV and lR radiations.

1 .Salety glasses with side shields

I

2-Goggles

z\ r\
3- Face shield (provide secondary protection
over goggles,trut does not p,otect [ronr irnpact

Fig-- 19 safety ghsses, goggles and secondary face protection shield.
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Lgboratorv coat uses:

When lsb corls properly tre used:

l-Provide protection of skin and personal clothing &om incidental contact and small splashes
as seen by figure-20 which is showing an accident had been happened unexpectedly when a
chemical reaction went vigorously and splashed out the hot flammable reaction mixture upon the
official lab. coat. Lab. coats should be warning even at hot wearher.
2-Prevent the spread of contamination outside the laboratory (provided they me not worn
outside the hb).
3 -Provide a removable barrier in the event ofan incident involving a spill or splash ofhazardous
substances.

Fig.- 20 Lrboraton coats rre the fu st bsrrier to protect clothes rod skitr.

ln general. protective clothirrg, including lab coats, should not he used as a substittrte lor
engineering coutrols such as a funrc hood. a glol u box, process enclosure. etc.. or as a substitule
for good work practices and personal hygiene. For significant chemical handling, it will be
nocessar.v to supplement laborrtory cost use with additionsl protectiv€ clothing. for
example. a rubber or vinyl apron for handling large quantities of conosives or hydrofluoric acid.

or it may be preferable to use chemical resistant coveralls for full body proteclion. Conversely,

use of engineerin8 controls such as fume hoods do not preclude the need for wearing the proper

PPE. including lab coats.
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Flame Resistant (FR) Laboratorv Coats:

Work with pyophoric, spontaneously combustible, or extremely flammable chemicals presents
an especially high potential for ftre and bum risks to the skin according to the chemical hygiene
plans (CHP) template, use of a fue retardant or fue resisant (FR) lab coat is required when
handling pyrophoric chemicals outside of a glove box- An FR lab coat is recommended when
working with any flammable materials. The primery meterirls used for FR lab corts {re FR-
areated cotton or Nomex. There is also a newer flame resistant and chemical resistant (FR/CP)
lab coat that offers additional protection against many chemicals

Laboratorv coat use:

When lab coats arc in use, the following should be observed:

l -Wear hb coots thot fit properly. Lab coats are available in a variety of sizes. Some lab coat
services also offer custom sizes (e.g., extra-loog slccvcs, tall, or woman's fit). Lab coats should
fasten close to the collar to provide optimal protection-
2-Lab coats should be worn fully buttoned or snapped with sleeves down.
3-Wear lab coats only when in the lab or work area. Remove lrb corts when leaving the
leb/work area to go home, to lunch, to the restroom, or meetings in conference rooms, etc.

Snill or splash:

Laundry sewices are not equipped to handle significant contamination of lab coats with
hazardous materials. In the event of a significant spill of a hazardous material on the lab coat,
remove the coat immediately. lf skin or personal clolhing is impacted, it will be necessary to
procced to rn emergency shower. Remove any contaminatd clothing, and shower. Generally,
significantly contaminated coats and clothing will be considered a hazardous waste, and must be
managed based on the type of contamination.

Laboratory coat cleanins:

Personnel are not allowed to launder lab coats at home. Clean non-disposable soiled lab coats
routinely by use of a laundry service or work area washers and dryers. Frequency of cleaning
will depend on the amount of use and contaminatioD.

Gloves:

Gloves are the most common type of PPE used for uaedical, dental and chemical tasks. Gloves
are made from a variety of materials including tatex, nitrile, neoprene, copolymer, and
polyethylene and are availabre in various levers of thickness and forms. when dearing with
infectious mrterisls, gloves must,be waterproof. Suitable gloves for biotogical, suigicel,
chemical and cngineering (thermal, cutting snd abrasion) pu-rposes or activiaies because the
use of unrecommended gloves would be very dangerous,
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Most patient care activities require non-sterile gloves, whereas any invasive procedure should be
performed using sterile surgical gloves. Latex gloves should be avoided due to the risk of latex
allergy unless there is a demonstrated safety requirement for latex to be used. The choice of
gloves must often balance the needs for protection and dexteritv, While thicker gloves (or
double gloves) rury appear to provide greater protection, it may make tasks more dificult and
increase the exposure risk. In recommendations ahe selection of the best glove for a given
task should be based on a risk analysis of the type of setting, type of procedure. tikelihood
of erposure to blood or fluid cepeble of transmitting blood borne prthogens, length of use,
rmount of stress on the glove, presence of latex allergy, fit, comfort, cost. length of cuffs,
thickness, llexibility, and elasticity (figures 2l-24). The most frequently used PPE by dental
workers to prevent exposure to chemicals is gloves. When choosing gloves, the lollowing must
be considered:

Nitrile is quickly becoming the rnaterial of choice for single-use gloves, which is a natural
rubber, nitrile is synthetic and does not cause allergic reactions as seen by figure-25. According
to the Americrn Lrtex Allergr Associrtion between 8 and l7o/o of healthcarc workers report
allergies to later Choosing the proper disposeble nitrile glove depends on the application.
Therc are two main categories ofnitrile gloves, thcy are industrial and medical grade.

Industrial Crade:

lndustrial-grade nitrile gloves are best suited for applications lhat involye handling harsh

chemicals and solvents. They are used for automotive, .ianitorial. food sen'ices. Along with
chemical resistance, an important feature of industrial-$ade gloves is a high level of punclure

resistance, meanwhile for industries like food services are not as stringent as medical-grade

gloves.

| -The nature and concentration of the chemicals.
2-The amount of time the gloves will be exposed to the chemicfll.
3-Derterity required to perform the task.
4-Extent of protection needed (to wrist or higher).
5-Decontamination and disposal requirements.

Nitrile Gloves:
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Fig.-25 Nitrile gloves.
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Medical glovcs are used in areas where there's a risk of contact with blood-bome pathogens or
environmental contaminaDts. Also known as examiner gloves, medical gloves are used in
hospitals, laboratories, clean rooms and dental oftices. Sincc thc risks are so high, rnedical gradc
gloves must be rigorously tested and have to meet specific guidelines from the Food alrd Drug
Adrninistration (FDA). Medical gloves are divided into three classes:
Class l:
This typ€ ofgloves is used in low risk cases and have the least regulatory controls.
Class II:
This type of gloves is used in higher risk ceses tten Cless I and have greater regulatory
cotrtrols to ensule the safety and effectiveness.
Class lll:
This type of gloves is used in the highest risk crses end have the highest level of reguletory
control. Clsss lIl derices must typicelly be approved by FDA before they rre marketed.
Nitrile, also known as acrylonitrile butadiene rubber (NBR), is a copolymer that's derived
through the emulsion polymerization of butadiene and acrylonilrile. These molecules provide
two specific advantages to nitrile gloves:

l -Acrylonitrile improves chemical resistance.

2-Butadiene creates flexibility and tear resistance.

One test based on standards from the American Society for Testing and Materials (ASTM)
and regulated by the U.S. Food and Drug Administration (FDA) is the pinhole lerk test. A
selection of gloves is filled with water and hung upside down for two minutes to s€e they can
hold the water as seen by figure-?6. These tests adhere to acceptable quality limits (AQLs),
which are percentages indicating how many gloves in a batch can fail the test to determine if the
entire batch fails. lf the nitrile gloves pass these quality assurance tests, they are then packed in
boxes and shipped.

33

Nitrile medical srade qloves:

The pinhole leak test:

Thicknesses of disposable nitrile gloves:

Advantrses and Distdvanttses: The thickness ofdisposable gloves is measured in mils. A mil
equals one-thousandth of an inch (0.001 inch). Disposable nitrile gloves can be as thick as I to
l5 mils, but general purpose nitrile gloves fire typically four mils thick,



Fig.-26 Leak test for disposable gloves.

Tensile strength:

Tensile strength is a material's ability to resist tension rvhen being pulled apart. lt's measured by
the greatest stress a material can withstand when stretched without breaking. The industry
standard fortensile strength of disposable gloves is 14 mega Pascal (MPa). Approximatcly 20
million Americans get sick from norovirus each year. The number one cause for norovirus
outbreaks in the US is contaminated foods * 54o/o of which involved lbod workers touching
ready-to-eat foods with their bare hands. According to the FDA 2013 Food Code, single-use
gloves can only be used for one task, i.e. working with ready-to-eat food or with raw animal
food but not both. These gloves must also be disposed of when damaged or soiled or if there
were interruptions that happened during operation, Iike a shutdown.

How to properlv remove a disDosable slove:

The point of disposable gloves in most industries is to serve as a barrier between your skin and
potentially harmful substances. That's why they are single-use items, can be used, removed and
thrown away without worrying about contamination. However, the way that your gloves are

taken off alier being used plays a big part in making sure that contarnination does not spread.
Putting your gloves on properly takes a bit of care to make sure that the material does not stretch
too much, this can cause small tears that leave your skin vulnerable. But taking your gloves off
(doffing) is a vital part in keeping you safe, This section looks at the proper way to remove

disposable gloves. lt's probably a smart idea to practice doffrng disposable gloves that aren't
contaminated for takes you won't have to worry about what your bare skin may have come into

contact with as seen by figure 27.
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I Iere is the step-by-steD mcthod:

I-Pinch the ourside of the glove about an irch or two down from the top edge ofthe wrist.
2-Peel the used or contaminated glove downwards, away from the wrist by turning the glove
inside out.
3-Remove lhe used or glove away until it's rtmoved from the hand. Hold the inside-out glove
with the gloved hand.
4-With your gloveless hand, slide your fingers under the wrist of the glove, do not touch the
outside surface of the glove, may be it has been contaminated or pollured.
5-Repeat step 3. Peel downwards, away from the *rist, tuming the glove inside out.
6-Continue pulling the glove down and over the frst glove. This ensures that both gloves are
inside out, one glove enveloped inside the other, wilh no contaminants on the bare hands.
7-Dispose of the gloves in a proper bin (for wasle), this may difTer depending on company
policies.

r
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Fig.- 27 The proper steps for removing used gloves.

Nitrile comoared to latex and vinyl:

Figure-28 sbows a comparison for natural latex, nitrile and vinyl to resist abrasion, cutting,
tearing, puncture, oil and grease handling and price cost. Factors that will increase the price of
gloves. regardless ofmaterial such as thickness, powder free, additives and type.
Thickness: The more material that is used, the more you can expect to pay.
Vinyl: Vinyl is the least expensive material for producing disposable gloves.
Ltlex: Latcx is approximatcly 82 pcrccnt morc cxpensivc than vinyl.
Nitrile: Nitrile is double the price ofvinyl and roughly l5 percent more expensive than latex.
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Abrasion ** i * i* trt
Cut *t*r t** *

**** * *
*
*

t *t*

Charasteristics
Raw Material

Natural Latex Nitrile

Puncture
Oil and Greases
Price *** *

Fig.-28 Comparison of physical properties for natural latex, nitrile and vinyl.

Rules for glove use according to chemicals:

l-\Vear the approprinte gloves for the tnsk when needed; for reusable gloves, follow the
manufacturer's guidelines for care, decontamination and maintenance.
2-Ensure gloves fit properly and are of the appropriate thickness to oflbr protection; ensure
adequate supplies ofgloves in appropriate sizes.
3- Avoid using latex gloves (due to latex allergies).
4- Do not use worn or defective gloves.
5- Wash hands once gloves have been removed.
6- Disposable gloves must be discarded once removed. Do not save for future use.
7-Dispose of used gloves into the proper container. Have separate disposal locations for gloves
contaminated with chemicals which pose a toxic bazard if mixed.
8- Non-disposablelreusable gloves must be washed and dried, as needed, and then inspected for
tears and holes prior to reuse.
8-Remove used gloves according to the traditional proper steps before touching personal items,
such as phones, computers, pens and one's skin.
9-Do not wear gloves into and out of areas. If gloves are needed to transport anything, wear one
glove to handle the transported item. The free hand is then used to touch door knobs, elevator
buttons, etc-
l0- Do not eat. drink, or sn:oke while wearing gloves. Gloves must be removed and hands
washed before eating, drinking, or smoking.
I l- lf for any reason a glove fails, and chernicals come into contact rvith skin, remove the gloves,
wash hands thoroughly and obtain first aid or seek medical attention as appropriate. For most
dental workers who use chemicals, goggles or face shields are necessary. In most cases, goggles

are considered reusable. All reusable PPE must be properly decontaminated and maintained.

Gloves are the most comtnon type of PPE used for biolaboratories and dental tasks. Gloves are

made from a variety of materials including latex, nitrile, neoprene, copolymer, and polyethylene

and are available in various levels of thickness. When dealing with infectious

meterials, gloves must be waterproof. Most patient care activities require non-sterile gloves,

whereas any inr,asive procedure should be performed using sterile surgical gloves. Latex gloves

should be avoided due to the risk of latex allergy unless there is a demonstated safety

*
*
*

*
*
*
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rcquirement for latex to be used, The choice of gloves must often balance the needs for

protection and dexterity. While thicker gloves (or double gloves) may appear to proyide greater

protection, it may make tasks more diffrcult and increase the exposure risk- In
Recommendrtions the selection of the best glove for r given trsk should be bised oD a risk
,nrlysis of the type of settitrg, typ€ of procedure, likeuhood of erpmure to blood or fluid
crpable oftransmitting blood borne patbogens, length of use. rmourt ofstress on the glovq

presence of lrtex sllergy, fit, comfort, cost" length of cufIs, thickness, flexibility, rnd
elasticity.
Karen Weller llahn a 40 !ears' expert chemist died effected b.r.' mercury poison berausc
sh€ used to $ear e not recommended gloves for work on Sl€thyl mercurt.- rs seen by figure
29.

Karon WatLrhrhn
Dled 8 Jum 1997 drl !o to(c axpoiuro

of HgCHt

Llmo, N.w HlmprHr., U, S.

Figure.29 Krrer Wetterhrhtt died by mercury poisoning because she used to wear incompatible
gloves for mrrcurt oethyl.

Prouer eve wear selection:

Selection ofprotective eyewear should take into account:

I - Level ofprotection rcquired.
2- Comfort ofthe wearer-
3- Secure fit that does not interfere with vision or movement.
4-Ease of cleaning and disinfection.
5- Durability.
6- Comparibility with prescription glasses and other PPE that must be worn at the same time
(e.9. respiralors).
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('hapter-3

I-PHYSICAL HAZARDS

l-l Musculoskeletal(f,reonomic hazardst:

Ergonomic hazards (i.e. posture) are the most important personal protective to control
ergonomic hazards using appropriate footwear with gripping soles and good support as well as
implementing some exercise. During dentistry procedures, the dentist's posture is strained, which
induces stress injury on the musculoskeletal system. This occurs n 37 .7o/o of work time as seen
by figures 30-32.

Figure'30 Awkward postures of dentists.
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Triseers: exercising, heavy lifling, Iying dovrn, pushing or pulling repetitive motions, twisting,
overdoing it, sitting too long, standing too long, using machinery, vibration, injury, workplace injury,
anxiety, st ess, poor posturc

rc]Eg]E: muscle strengthening. snetching, improve postue by proper exercise.

Improuer posture disorders

lmproprer posture affects to the following disorders:
Paiq stifiness, aching buming muscle pain when sanding, pain with movemenq lower back pairl
upper back pain, buuock numbness, pinched nervg posrure problems, difiiculty sitting down,
difficulty sanding stooped posture, difficulty sleeping symptoms worse in AM, symptoms worse in
evening, uuefreshing sleep, achiug, back pain, pain worse in AM, pain when standing, pain with
movement.

Compressed gas cylinders are designed to safely hold lheir contents during regular use and the
demands expected to be placed on them. Regularors, littings and delilery sysletns nrust likervise
mcct manulacturers'rcquircntcnts. Cylinders should be stored away from any heat sources or
combustible material; they should be siored uprighl and not be able to mo\e tieely or f'all.
Protective yslve caps are an engineering control to protect the valve head fiom damage when
the cylinder is not in use. lf rhe cylinder has a valve cap, rhe cap should always be placed on
cylinders when the cylinder is not expected to be used for a period of time, such as for a wort
shift. All cylinders must be restrained from tipping by means of rack$ chrins, strap or
other suileble meeos.
Compressed gas cylinders must be handled, maintained and stored carelully to prevent cylinders
frorn falling or a gas release. Proper transportation of cylinders must also be considered whether
it be by vehicle or within a work area by use of a hand cart or other means. A sefe work
procedure should be developed for the use, trunsport, storage ond maintenance of
compressed gas cvlinderc in the workplace. Keys for compressed gas safe work practices are
detailed by the manufacturers and materials saletv data sheets.
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Nitrous oxide-oxygen sedarion is used widely as anesthesia in dental surgery (tigures 33&3,1)
because of its relative safety and effrcacy. The most important safety considemtion is the
prevention of hypoxia. Safery features have been designed to prevent h),poxia by ensuring a
minimal orygen flow, thus limiting the amount of ninous oxide that can be administered. Nitrous
oxide-oxygen delivery systems as seen by figure-35 are typically limited to a maximum of 70
pcrccnt nitrous oxidc and J0 pcrce'nt oxygcn dclivcry, which ensures that thc paticnt is rccciving
at least 9 percent more oxygen than found in ambient air. lt is wonh ro look over the MSDS of
oxygen and nitrous oxide gases.

Orygen cylinders should not slide or come into contact with sharp edges. Cylinden of oxygen
should not be stored near cylinden of acetylene or other combustible gases because they are
incompatible. Prevent din, grit of any sort, oil or any olher lubricant from entering the cylinder
valves, and store cylinders well clear of any corrosive influence, e.g. battery acid. Release of
nitrous oxide gas may cause hazard to plants atrd animals in the envimnment, the hazard of
frostbite in event ofrapid release from the cylinder.

Fig.-33 Nitrous oride anesthesia gas s:-stem.

41-

l-2 Pressure Eouipment:

Typical pressure equipment used in dentistry includes:
l- Compressed gas cylinders,
2- Autoclaves, and
3- Compressed air systems (fixed and portable).

l-2-l C'omoressed sas cvlinders:

=S \s
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Fig.-34 Nitrous oxide - Oxygen cylindus.

Fig.-35 Aesthesir gas machine.
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The failure of handling a pressure equipment can result in serious injuries to stafflpatients and
cause major damage to strucmre / property.
Control requirements is too important to prevent such failures which relate to the mechanical
integrity of the equipment involved and increase safety factors.

Comoressed sas cylinders'control:

The main control strategies to mitigate the risks associated with compressed gas cylinder hazards
include:
l- Store as per manufacturer.i supplier recommendations (for instance upright, secured in place,

well ventilated and appropriate area) as seen by figures-36-39, since uncontrolled handling,
transferring or using unrecommended gauges and connections would cause a serious
accident sooner or later as seur by figure 40.

2- Ensure labelling as per manulirclurer's recommendations: and all staff involved in delivery,
connection and disposal of cylinders must be trqined and competena. Gas cylinders could
be identified by their color coding as seen by figure-41, to avoid accidens of crashing,
uosafe handling (recommended handling) and to avoid chemical incompatibility for salb
storage.

rb
Figure- J6 r- Unsrfe storrge ofgas cylinderg b- Safe storage ofgrs cylinders.
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Figure- 37 Typical store for gas cylinders with indicative instruction stickers.

Figure-38 Sefe storage of gas cylinders.
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Figure-39 Industrial gas cylinders with recommended gages and valves.

Figure-40 Fire accident due to unsafe LPG gas handling.
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coLoUR CODE OF GAS CYLINDERS
l Idrcge[ lc!$me Amo[ie Chlo rr lrgoI Air Iilrugcn Prcp.lla 0rygcn

AI

Rt0 mSmI 8n0ut
8t0,

ftlow'
Eucl

Itrow 8u,E 8UY
BlrcI
GSIY

YrouI,
6uY

StACl(

Fig.- 4l Color coding's of industrial gas.

1-2-3 Comn ress€d air svstems:
The most serious risks associated with air receivers come from the uncontrolled re'lease of stored
energy (for example catastrophic failure ofvessel whilsl under pressure).

Control measures to ate such risks include:
l - Thorough examination ofair receivers and valves.

2-Maintenance and imspection (as per manufacturcr's recommendations and undcrtakcn by

competent persob).
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Sterilization and disinfection
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Fig. -42 Sterile field ofoperetion.

Disinfection: is the process that eliminates many or all pathogenic microorganisms, except
bacterial spores, on inanimate objects by liquid chemicals or wet pasteurization

A sterilization is the process: u'hich destroy transmissible agens such as spores, bacteria and
viruses that may contaminate equipment and supplies by subjecting them to high-pressure of
saturated sleam at l2l 'c (249 oF) for around l5-20 minutes depending on the size of the load
and the contents. Sterilization is also used for equipment, clothes, Bedding, sheets, plates and all
tools that used in health activity.

Autmlaves:
An eutoclave is a pressure chamber lfigures 4-1- 45) used to carry out sterilization processes for
the contaminated equipment and/or supplies by pathogenic organiims which is requiring

47

Disinfection and sterilization are essential for ensuring that medical and surgical inslruments are
free of infectious pathogens to patients as seen by frgure 42.
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elevated temperatures and pressues more than ambient air pressure. Autoclaves are used in
medical applications and hospitals to perfor.rn sterilization and in the chemical industry.

lllany atrtoclaves are used to slerilizc cquipment and/or supplies by subjecting them to high
pressures (2.5-3 atm) at l2l oC. (249 oI') for l5-20 rninutes depending on the size of the load
and the pathogenic microorganisms content.

The most serious risks associated with autoclaves come of the uncontrolled release of the
stored energy (for example inadvertent opening or failure of door mechanism while the
autoclave is still under pressure). Others include scalding, and explosion of sealed glass
containers containing liquids, therefore it is important to wait until the stored pressure drops to
the normal pressure value, wearing safety goggles and thermal gloves as well as slightly vent the
lids of glass containers which containing organic liquids to avoid their explosions.

Figure-43 Hospital autoclave.

48

t-

\
tt

\

,J

t

\

,l

\

I

--t

=
{}



{}
, 1

Figure-44 Dental nutocleve.

Figure-45 Large scale medicel wrste treatment autoclive.
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ControI to mitigate such risks include:

For safety purposes, working with autoclaves should be considered a risk of high severity
according to risk assessment matrix (figure 46), therefore a training program should have
implemented for all worker in the sterilization and cleaning department, as well as the following
steps should be seriously followed:

| -Determine the type of equipment (for example size, opereting pressure, pressurizing
medium) and control system (manual or rutomated).
2-Assess the risk ofdoor opening violently under pressure.
3- Vcrifuing "Nil" pressure beforc opcning thc door.
4- Location and shield.
5- Operator trsining and instruction.
6-Thorough exemination of pressure equipment at the tbllowing frequency: 14 months for
self-generating autoclaves; and 26 months for all other autoclaves.
7-Maintenance and inspection (as per manufacturer's recommendations and undertaken by
competent person).

Fig.-46 An autoclave explosion in isolated area.
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Safetv orecautions:

Materials to be loaded almost contain potentially infectious materials, so the required laboratory
protective precautions must be followed seriously, this includes:

l- Safety eye goggles and face protection shield to minimize the risk of probable accidental
facial steam burns as seen by figure-47.

2- Gloves (latex or nitrile) to prevent contact with contaminated materials, while heat resistant
gloves (figure-4ti) must be used when loading and unloading the autoclave.

3- Laboratory coats with long sleeves must be used to protect wrists and forearms, plus an apron
if a hazard spill exists. Although lhe autoclave trays may be cool, the door and walls of the
chamber may still be hot enough to cause a burnl

Waste Packaging:

Consideration must be given to the primsry conteiner which containing the contaminated
waste, volume of liquid, amounts of material, and the secondary container which would contain
the primary container (iigure -19). The structural integrity of the container is an important
consideration because not all containers can withstand the demands placed on them during the
autoclave process. The desirable characteristics needed for these cases are heat resistance, good
thermal conductivity, puncture proofand impervious to water.
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Lab.

Figure- 47 Safety face mask 8nd lsboratory coat with heat
resistant gloves when r*ork with ln autoclave.

Figure - 48 Heat resistant gloves.
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r
Pfiman'conuiner

Secondary container

Figure- 49 Waste packaging containers.

1,2-Radiation

Radiation:

Depending upon the nature of the radiation and the specific tasks the worker is performing,
a range of PPE may be used as additional controls (engineering and administrative controls) to
reduce exposures. Examples include protective eyewear used u'heu working rvith lasers. tJV.
irtfrarcd or ionizing radiation that is spccifically rnadc to rcducc exposure to cach type of
radiation. Protective clothing is also used when working with various forms of radiation. For
ionizirrg radiation, protective clothing (commonlp' called leed aprons) inctudes shielding
meterials. AII ionizing radiation protectiye clothing must be uniquely identified and
inspected annually with nn x-ray machine for any cracks or holes in the shielding material.
'fhese inspections results must be recorded and saved. Ctothing also protects againit exposure
to UV rays. Gloves protect workers from contamination with radioactive material and must
be wom when there is potential contamination.

Administrative controls include policies and procedures and on-going rssessment of
possible exposures to -radiation. The policies and procedures are deiigne-O to ensure that
workers are informed about the hazards of both ionizing and non-ionizini radiation and are
trained in the safe work procedures necessary to prevent exposure. Some administrative
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controls include having a mdiation safety program. a laser safeQ program, safe work
practices, monitoring exposures! and proper disposal practices. Minimize contact with body
subslances from patients receiving treatment with radionuclides.

Ionizing radiations are Alpha (o), beta (p), neutron perticles(n), grmma (y) and X-rays(x),
All types are caused by unstable nuclei of the atoms, which have either an excess of energy or
mass (or both). ln order to reach a stable state, they must release that extra eoergy or mass in the
form of radiation. The penetration ability for the ionizing radiations by paper, wood, lead and
water are seen by figure 50.

Fig.- 50 lonic radiations penetrstion abilitv through different maleriels.

\ r'aYs are electromagnetic radiations that differentialh penetrates structures within lhe
bod1. and creates imnges of these structures on photographic film or a llnorcscetla screen,

These irnages are called diagnostic x rays. The most radiation exposure to the population is

medical and dental diagnostic radiotogy by X-rays which are electromagnetic redietions
produced by electronic transitions within the rtom durhg excitltion, when the excited

"l""troo, 
diop down to lill a vacency in en inner etomic electronic shell (more tigh6y
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Trble-6 lless altenuetion coemcienls for tvpical tissues in p,/p.

X-Ravs tubc:

High aomic numbsr metals are suitable for x-rays rotaling anode elemcnts(9t)ff)- I fi)C0 rpm) in
manufacturing x-ray tubes (Figures 5l) due to its efficiency since their recoilless energy
according to Mtissbaucr relationship according to equalion- I , and to their very high mclting
points property (34 I 0 oCF 

) to withstand the Bremsstrahlung radiations generated in the tube by
opcrating voltages 50-70 Kcv. Thc opcrating tubc voltagc i50 KV lbr x-ray imagcs & 4() KV tbr
nrrnrnro-uraphy. (A=ltt3.ll5 g& Z= 74).

lrp grwn m cnPlg 50 keV 100 keV 200 keV

0,208 0,122

WStBf e.r.me-,, 0,171

Adipce tillrsue e* r eo,., 0,212 0,169 0,136

Muscle Fr G eq+ 0,169 0,136

Bone r,.* e-,, 0,424 0,186 0,131

Lead rtt.u o.,* 8,041 5,549 0,999
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Diagnostic x ravs arc use.ftll in detecting abnormelities $'ithin the body Thel'are a peinless.
non-inrrsive nn! to help diagnosc problems such as brrrl,en lrtrrres. trrrrrors. tlerrlrl decar. and
the presence of lbreign lrodies. Wear aprons or Lerd rprons when persons holding or supporting
patients during x-ray or r-radialion and rhyroid coller shields for patients whose thyroid will be
exposed, recommended safety glasses for each radiation case. Table-6 show the attenuation of
air, watcr, adipose tissue, muscle, bone and lead, that is the dcnscr bones appear in the x-ray film
more transparent than air in lungs.

Air4.otre- 0,154

0,227 0,137
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