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Normal Human Microbiota
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. A Large variety of microorganisms colonize human body

throughout its entire lives.

. Human bodies are actually composed of more bacterial cells
than human cells, harbor near 10”14 bacteria, few parasites &

. A stable set of Bacteria genera (commensals), mostly
anaerobes (95%), Facultative Aerobes (5%) colonize and effect

humans by:

. Competing with pathogens & prevent their effects
. Providing vitamins or eliminating toxins (Bacteroides)
. May harm by causing disease (dental caries)
. May cause infection under certain condition: Injury,
Surgery..etc. oudlins gl 55 Lol | e lydl L)l Lyl slo
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NORMAL HUMAN MICROBIOTA:

. the population of microorganisms that inhabit the skin
and mucous membranes of healthy normal persons.

. provide a first line of defense against microbial pathogens, assist
in digestion, play a role in toxin-degradation, and contribute to

maturation of the immune system. .cLus gy Wl Jodl ol s pues byuisSl sla
a0 9 acluiy g pgeunll o Lalaldl g uaglly

dcliall 5lg>
. Shifts in the normal microbiota or stimulation of inflammation by

these commensals may cause diseases such as inflammatory

bowel disease. s S0 LpaiSll (sla) pmans GUIlpiil et
slaodl Olgdl Jto ool



. The skin and mucous membranes always harbor a variety
of microorganisms that can be arranged into two groups:

1- The resident flora consists of relatively fixed types of
microorganisms regularly found in a given area at a

given age; if disturbed, it promptly reestablishes itself.

2- The transient flora consists of nonpathogenic or
potentially pathogenic microorganisms that inhabit the
skin or mucous membranes for hours, days, or weeks; it
is derived from the environment, does not produce
disease, and does not establish itself permanently on the

surface.

. Members of the transient flora are generally of little
significance so long as the normal resident flora remains
intact. However, if the resident flora is disturbed, transient
microorganisms may colonize, proliferate, and produce disease.

This lecture discusses the most important methods
used for killing microbes before they reach patients

Understanding how these methods work
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Bacterial spores,
organisms with waxy
coats (eg, mycobacteria),
and some viruses may
show considerable
resistance to the common
disinfectants.
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. Death/killing of microbial organisms is defined in

terms of how we detect them in culture.

. itis aloss of ability to multiply under any known

conditions.



Sterilization

Sterile

Disinfection

Disinfectants

Aseptic
techniques

Antiseptics

Sanitization

Sepsis

A physical or chemical process that completely destroys or

removes all microbial life microbial life Jbl JS (e palalil didac
resistance J83l ;o luals 13l Lisy
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Devoid of microbial life sterilization JI dlac ae Lo Ul L3l

Is the destruction of pathogenic microorganisms by processes

that fail to meet the criteria for sterilization
microbial life JI cdel Jxdi g
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liquid chemical or gas used for disinfection (used environmentally)
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. Describes processes designed to prevent microorganisms

from reaching a protected environment.
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. It is applied in many procedures used in the operating room, in
the preparation of therapeutic agents, and in technical

manipulations in the microbiology laboratory.

. Disinfectant agents that can be used on body surfaces such as
the skin or vaginal tract to reduce the numbers of microbiota

and pathogenic contaminants.
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They have lower toxicity than disinfectants used

environmentally, but are usually less active in killing vegetative

.

organisms.

. Is aless precise term with a meaning somewhere between
disinfection and cleanliness.
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. Itis used primarily in housekeeping and food preparation
contexts.

. Refers to the presence of pathogens in blood or living tissues.
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Microbial ki\lina

Permanent loss of reproductive capability even under
optimum growth condition

Killing of bacteria by heat, radiation, or chemicals is
usually exponential with time;

a fixed proportion of survivors are killed during each
time increment.

Thus, plots of the logarithm of the number of

survivors against time are linear
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Death rate:
. Exposure time, type of organisms, microbial load,
environment, concentration, organic matter
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. If the microbial population includes a small
proportion of more resistant forms (spores), the later
stages of the curve are flattened , and extrapolations
from the exponential phase of killing may

underestimate the time needed for achieving complete
sterility.

No. of survivors
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STERILIZATION

. The availability of reliable methods of sterilization has
made possible the major developments in surgery
and intrusive medical techniques that have helped to
revolutionize medicine over the last century.

. Furthermore, sterilization procedures form the basis
of many food preservation procedures, particularly
in the canning industry.



PHYSICAL METHODS TO INRIBIT MICROBIAL GROWTH
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A- Sterilization Methods:

1.Heat

2. Cold

3. Desiccation (The drying out of a living organism)
4.4. Radiation

Physical Methods to Inhibit
Microbial Growth
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- This is the most practical, efficient and inexpensive
method of sterilization of those inanimate objects and
materials that can withstand high temperatures

(material is itself resistant to heat damage).

- A temperature of 100 °C will kill all but spore forms
of bacteria within 2—-3 minutes in laboratory-scale
cultures; a temperature of 121°C for 15 minutes is

utilized to kill spores.
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- Direct sunlight is a natural method of
sterilization of water in tanks, rivers and lakes.

- Direct sunlight has an active germicidal effect
due to the combined effect of ultra violet and
heat rays.
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2-Dry Heat: 8yl dz 2 Souts 528ty 63 yuiinall Bl 5 Alad Byl sls

. Direct Flaming : FIaming
Inoculating loop wire, the tip of forceps
are held in a Bunsen flame till they

become red hot.

. Incineration:
This method is used to destroy contaminated cloth,

animal carcasses and pathological materials.
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. Hot-air Oven: sterilization

This method is applicable to metals, glassware and to
some heat-resistant oils and waxes that are

immiscible in water.
Conditions:

- 171°C for at least one hour Dry heat — Hot air oven
-160°C for at least two hours L
- 121°C for at least sixteen hours

A major use of the dry-heat
sterilizing oven is in preparation of

laboratory glassware.

JSin byaiSill g Joa9 463 puStpus s ddl Gadl 5 o LSl
. A . oy o $bliall JSJ Juogy 2y clid pline Guus|
3 MOISt hea‘t o ; denaturatién E
dry heat Jl o guml 568 LSl sl JSuin
. Moist heat in the form of water or steam is far more

rapid and effective in sterilization than dry heat

. because reactive water molecules denature protein
irreversibly by disrupting hydrogen bonds between
peptide groups at relatively low temperatures.

. Most vegetative bacteria are killed within a few minutes
at 70°C or less, although many bacterial spores can resist

boiling for prolonged periods. 70 8)> £ gesy dyalall byl il g
Cdg sy o oldell §)ly> & geis spores JI Lol
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Moist Heat: autoclave 5100 e Skl
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the vegetative forms of most pathogens are
quite easily destroyed by boiling for 30 minutes (metal and glass).
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2-Pasteurization: NI S S
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Is the use of heat at a temperature sufficient to
inactivate important pathogenic organisms in liquids
such as water or milk, but at a temperature lower than

that needed to ensure sterilization.

heating milk at a temperature of 74°C for 3 to5 minutes
or 62°C for 30 minutes kills the vegetative forms of
most pathogenic bacteria that may be present without

altering its quality.

Obviously, spores are not killed at these temperatures.

Pasteurization is a process used in preserving heat sensitive foods

such as milk, beer, and other beverages.
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. Bacteria are more quickly killed when moist and”*'?>*
because steam Provides a means for distributing heat to

all parts of the sterilizing vessel. i Ui (o521 25 G pressure JI

. At sealevel, steam must be kept at a pressure of 15 Ib/sq in
(psi) in excess of atmospheric pressure for 15 minutes to
obtain a temperature of 121°C; autoclaves or pressure

cookers are used for this purpose.

. It kills vegetative microorganisms, bacterial endospores
(may survive 5 hours of boiling, but can be killed in 4
minutes in autoclave) and viruses as long as they are not
protected by pus, feces, vomitus, blood...etc.

Simple form of downward displacement autoclave

Manual —__| Pressure |
T Valve for steam

Piseli exhaust to | gauge
ek atmospherel 17 Safety to chamber
I V valve — -t]“hhaust

valve
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Temparature gauge Thermometer Steam supply
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Automalic air and condersate discharg
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the normal sterilization time is 10 to 15 minutes to
account for variation in the ability of steam to
penetrate different materials and to allow a wide
margin of safety.

The effectiveness of autoclaves depends on the absence
of air, pure saturated steam, and access of steam to the
material to be sterilized.

Pressure per se plays no role in sterilization other than
to ensure the increased temperature of the steam.

Microwaves

olie 100 (4o J83 8)ly=dl Juogs microwave JI
sterilization Jos bo ¢lio

The use of microwaves in the form of microwave ovens
or specially designed units is another method of
disinfection.

These systems are not under pressure, but they but can
achieve temperatures near boiling if moisture is

present

These procedures cannot be considered sterilization
only because heat-resistant spores may survive the
process
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. Most microorganisms are not killed by cold temperature
and freezing, but their metabolic activities are slowed,
greatly inhibiting their growth.

- : causes ice crystals to form within cells
and may rupture the cell membrane and cell walls of
some bacteria.

- : using liquid nitrogen is a good way to
preserve foods, biologic specimens and bacterial
cultures.

- : allows bacterial spores to germinate and
M.O. to resume growth. So, freezing of thawed foods is
an unsafe practice. Food poisoning: from endospores of
C. botulinum or C. perfringens.
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3. DRYING AND DESICCATION:

- 4/5 of the bacterial weight is due to water.
- Therefore drying in air has deleterious effect on many bacteria.

- This is unreliable method, spores are unaffected by drying.

spores Jl 43 sterilization Juwogi bo g
For many centuries, foods have been preserved by drying. any
microorganisms remain viable when lacking moisture and
nutrients, although they cannot reproduce.

13
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Non-lonizing Radiation

(Ultraviolet-UV and Low energy
Infrared rays)

UV in the wavelength range 240
to 280 nm is absorbed by nucleic
acids and causes genetic damage.

microorganisms JJ damage Jos2n
dna g HeSu oy o g ealS Line

» Poor ability to penetrate.

» UV lamp: useful for reducing the

number of M.O. in the air.
Ul o bydlSIl 6 Olddnimall L8 paiuws
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- used in newborn nurseries,

operating rooms, laboratories,
elevators, cafeterias and
classrooms. Sterility may be
maintained in a
hood or cabinet, many biologic
materials such as
sera, vaccines..etc. Needs 12-24

hours exposure.

- UV is a mutagen, can cause skin and

eye damage
8yuiS 8y9ka> Lgll Lad adaw 2)l> @ubsd juisi
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« Infrared rays: Sterilization of
prepacked itemssuch as syringes
and catheters.
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lonizing radiation

Cathode and gamma rays
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direct damage to DNA and
produces toxic free radicals and
hydrogen peroxide from water
within the microbial cells.

cancer cawi (Ses g dydas yisi
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Cathode and gamma rays from
cobalt- 60 are widely used in
industrial processes, including the
sterilization of many disposable
surgical supplies such as gloves,
plastic syringes, specimen
containers, some foodstuffs, and the
like, because they can be packaged
before exposure to the penetrating

radiation



ULTRAVIOLET

MECHANICAL SEL L
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1. Filtration: 5ol dnglaal

. Filtration helps to remove bacteria, viruses and cells from
large volumes of fluid, especially fluid containing heat-labile

components such as sera, solution of sugars and antibiotics.
. A pore size of 0.2um is effective because filters act not only
mechanically but by electrostatic adsorption of particles to

their surface.

. If viruses must also be removed, a much smaller pore size

around 20 nm is needed.

. Prions are not removed by filtration.

15
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- Nonstenils medium

- Membrane filtes

B — To vacuum pump

—_ Stevile medium
()

MEMBRANE FILTERS

RELATIVE SIZES OF CELLS AND INFECTIOUS PARTICLES

1 . Bacteria, viruses, viroids, and prions can all cause infection. Eukaryotic cells can be
microscopic, but they are larger than prokaryotic cells, like bacteria. Prokaryotes are
i larger than viruses, viroids, and .

100 nm
/
viroids

5-150 nm




(HEPA) Filters — High Efficiency Particulate Air filters are used in
biological safety cabinets, in operating rooms and patient rooms
to filter the air that enters or exits the room.

Using Nitrocellulose Membranes/Pore Sizes 0.01-0.22pum.

3

A HEPA air filter can reduce the

amount of airborne allergens /

MEMBRANE FILTERS

2. Washing and scrubbing dadine lgo painiuwy (i Juudy Gl Jol
Sanitization: mechanical removal microbes from inanimate object

Degermation: reduce number of microbes on the skin

17
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- High frequency sound waves beyond the sensitivity of

human ears are called as ultrasonic waves.

-They have the property to disrupt the cells but the

results have been variable.
- Gram negative rods are more sensitive to ultrasonic
vibration where as Gram positive cocci, spores of fungi

and bacteria are resistant to the vibration.

- Ultrasonic devices are used as a means of cleaning

and sterilizing delicate equipment and in dental clinics

- However, most of them are not reliable for routine use.

GAS

A number of articles, particularly certain plastics and
lensed instruments that are damaged or destroyed by

autoclaving, can be sterilized with gases.

Jie 5l eabeidl lgdde pasiaw slgall Gasy
J1 83152 5385 5Sae Sl olwasll Gan g Wil
autoclaving

18
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Ethylene oxide Gaseous atmosphere Formaldehyde

0ol gaiai dlac Wl g DNA JI Gle 5k Legls
Aqueous Solution 37%.

It is an alkylating agent that Inhibits the growth of Formalin, 2% Aqueous
inactivates microorganisms by microorganisms by altering the Glutaraldehyde: used in
cross link DNA and protein. atmosphere. preservation of tissue
. biopsies
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* About 4 to 6 hours and decontaminate larger
mustibeifoliowedbyla Obligate anaerobes in areas such as patients’rooms.
prolonged|periodiof atmosphere containing
aeqation oxygen. Long Exposure Time (10-24
Hours)
« inflammable and
potentially explosive gas.
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LVREN formaldehyde JI o ethylene oxidase JI
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and artificial heart valves 6,3l
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instruments
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agent for heat-labile

good sterilizing agent jui=y H202 JI
liquid 8)gue duuniy bl Jol
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OX|d|zmg agents . microorganism JI JsJ s Jesi Wb g particals
. Hydrogen peroxide (H202)

. Ozone (03) oluall yoyls8 a5 Loganivas 03 JI

Both agents are useful in sterilization

and have selective uses.
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(Chemical Control of Microbial Growth)

1.

2
3
4,
S
6
7

8.
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Alcohol

Halogens

Chlorine

Hydrogen Peroxide
Surface-Active Compounds

Glutaraldehyde and Formaldehyde

Alcohol a

alcohols are protein denaturants that rapidly kill

. Phenolics

Phenol carbolic acid

vegetative bacteria when applied as aqueous solutions in

the range 70 to 95% alcohol. Cipsgcenaturgtiont JoaaiEh o, dove

water JI go dasiun Lils g
%70 o digled) duws | o Hline

They are inactive against bacterial spores and many viruses.
spores JIslitzuwly LSl JS Jady )35

the lethal process requires water molecules.

Oeedis uegi )iS| das isopropyl g ethanol JI
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Ethanol and isopropyl alcohol (70-90%) are widely used as

skin decontaminants before simple invasive procedures.

Alcohols are more effective combined with purified water—
70% isopropyl alcohol or 70% ethyl alcohol is more effective
than 90% alcohol, because the higher water content allows
for greater diffusion through the cell membrane.

i g uobial il JoSIl pusaill ;8 oluall 9lg5 LS Lo o5
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Groupl7 - The Hologens
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Habﬂens

JODINE [t

iodinating or oxidizing essential components of the microbial
cell.
Jeae ey plive any go pghlsn g JoxSl 2o pasiw WLE
99!

Its original use was as a tincture of 2% iodine in 50% alcohol,

which kills more rapidly and effectively than alcohol alone.

hypersensitivity reactions and of staining materials with

which it comes into contact.

Tincture of iodine has now been largely replaced by
preparations in which iodine is combined with carriers

(povidone) or nonionic detergents termed lodophors.
providone ;Lo g sg4l lggo yglas deluall olas 2o
dlad il sz Ul g
sterilization Jl d>ye Jwog o
These are less allergenic than inorganic iodine

preparations, they should not be used on patients with a

history of iodine sensitivity
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. Chlorine is a highly effective oxidizing agent, which o
]
accounts for its lethality to microbes. - .
o g

. In concentrations of less than one part per million, chlorine
is lethal within seconds to most vegetative bacteria, and it
inactivates most viruses; this efficacy accounts for its use in
rendering supplies of drinking water safe & in chlorination of

water in swimming pools.

. itis the agent of choice for decontaminating surfaces and
glassware that have been contaminated with viruses or spores of

pathogenic bacteria as a 5% solution called hypochlorite.

Bolall mawdl g ilodl @ubed HLis] uus yiey
8 oadiuiy LI HolSIl JSiib 9o sodium hypochlorite JI
Wgy

. Sodium hypochlorite is very commonly used.
Common household bleach is a sodium
hypochlorite solution and is used in the home to
disinfect drains, toilets, and other surfaces.

ol @rbai (9 )0l ey g1d3
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Hydroaen Peroxide

Sk rghas peroxide ! alasiwl e luS>
liquid & doasuuws b duws
It is a powerful oxidizing agent, oxidizes cell components.

LSl oxidation Josy guoy
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Highly reactive oxygen radicals . i< s iz Sae 5508 Gloss o5

spores J|

Although it acts rapidly against many bacteria and viruses, it

kills bacteria that produce catalase and spores less rapidly.

Hydrogen peroxide has been useful in disinfecting items such

as contact lenses that are not susceptible to its corrosive effect.

23

surfaoce-Active Compour\clc;:

deb)ll OLSHall Quats JI lagow

Surfactants: Hydrophobic and hydrophilic groups
of surfactants act on lipids of bacterial
membranes and can also be effective disinfectant
cellmembrane JI Gle Jouim slgall slo
against enveloped viruses. phospholipidbilayer JJ s Jos o

dayybo ool el g
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Cationic detergents, particularly the quaternary
ammonium compounds “Quats” such as
benzalkonium chloride, are highly bactericidal in

the absence of contaminating organic matter..
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6r|u+ara|dehyde ond Formaldehyde

These are alkylating agents highly lethal to essentially all
gases ¢ pgossiwi o puai
liquid ¢ pgeasiiws (Ses g
DNAJI Gle lgleiin g5 9

microorganisms.

Cross protein and DNA together

Formaldehyde

gas is irritative, allergenic, and unpleasant, properties that

limit its use as a solution or gas.
iladl dslyel oy JudB dolasiwl (S) 1> (598 o0

Formaldehyde vapor, an effective environmental

decontaminant under conditions of high humidity, is sometimes
used to decontaminate laboratory rooms that have been
accidentally and extensively contaminated with pathogenic
bacteria. It is bactericidal, sporicidal, and virucidal.
Slgaallojeall )l
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Phenolics

Phenol (carbolic acid): Oigxdl denaturation Jes il &b o JoxSUl ey
Blio Aall e dolainiaal Do 5 pubad iny 6S)

protein denaturant

bactericidal agent.

. Environmental contamination , too toxic to skin and tissues.

. They are the active ingredient in many mouthwash and sore

al) yghaS gl sl Olgill z3le (9 prduin LILE

throat preparations. T T T

. 2 diphenyl compounds, hexachlorophene and chlorhexidine,

have been extensively used as skin disinfectants.
A2l Gle pgoasiians )23biy S ro lisdiddl
chlohexidine Jl ¢ hexachlorophene JI

.  Hexachlorophene is primarily bacteriostatic. Incorporated

Hexachlorophene
Jled (5545 pdeo 95 9 Hoilall go daos iy

. Chlorhexidine has replaced hexachlorophene as a routine hand

into a soap,

and skin disinfectant and for other topical applications. (mild in
human skin) chlohexidine

49 Hexachlorophene JI Wawiwl
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. Chloroxylenol is the principal ingredient in Dettol, a

household disinfectant and antiseptic.

Chloroxylenol J!
dowlwil Jouall 85lo g0
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A ideal and perfect disinfectant would offer:
1. Complete sterilization

2. Broad spectrum activity

3. Without harming other forms of life

4. Be inexpensive, and

5. Non-corrosive.

Hand washing : A simple way to prevent infection.

Hand washing is a simple habit that can help keep you
healthy. Learn about the benefits of good hand hygiene,
as well as when to wash your hands and how to clean

them properly.

26



. Chemical disinfectants are classified on the basis of their

ability to sterilize:

1. High-level disinfectants kill all agents except the most resistant
of bacterial spores. (Chlorine, sodium hypochlirite, antiseptic

H202) Aldehyde

2. Intermediate-level disinfectants kill all agents (not spores).

(Alcohol,phenol and halogen(l,F,Cl)

3. Low-level disinfectants are active against most vegetative

bacteria and lipid-enveloped viruses.

4. (most organisrn, except TB and bacterial spore)Quats
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