13

Sterilization

Do F

/Sﬁhz'_;on is the process of killing or removing bacteria
and all other forms of living microorganisms and their Spores

from preparations or articles. A product is said to be sterile
when it is free from al] living microorganisms and passes the



E:ngg,/'rhermal Resistance of Microorganismg

pIOCE . . 31stance vanes with the specific
organisms particularly with spores of MiCroorganisms which
qe more resistant than vegetative forms of the organism.
mherefore before planning the sterilization process it must be
ensured that the method and its conditions must be lethal to
the resistant spores and the following points should be taken
into consideration: |

(a) Thermal death time

The thermal death time may be defined as the time required
kill a specific type of microorganism at a given temperature
under specified conditions. It not only depends on controllable
lactors Jike temperature, pH, presence of bactericide etc but
oo depends on uncontrollable factors such as number of
cOmaminating microorganisms and their resistance to heat.

_The table 13.1 shows approximate values of thermal death -

S of different spores to moist heat and dry heat.
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Table 13.1 Approximate thermal death timeg
of different spores

Time in minutes .
Moist heat Dry heat s
Organism 100°C  110°C 121°C  120°C lm
.ﬂ _——-\
l. B.anthracis 5-15 - ’ - 180 .
2. Cl.welchii 5-10 - - 50 5
3. Cl.tetani 5-15 - - - 15 .
4. Clbotulinum 330 90 10 120 60 15
5. Soil bacilli >1020 120 6 - - 15
’ T

It will be seen from the above table that there ig a
considerable variation in thermal death times between differep
types of bacterial spores therefore an adequate margin of safety
sh.0u1d be kept to kill the most resistant species of
microorganisms and spores expected to be present by exceeding
temperature and time for which it is applied than the known
thermal death times of most of the spores. Commonly the
thermal death time indicated is increased by 50 percent.

(b) Death rate of microorganisms

By .d§rect method it is not possible to determine that when
the sterility is first achieved because shortly before sterility is
reacheq thc? numb_er of living organisms is so small that accurate
fletenr}matlon of it becomes impossible due to very high errors
In taking the samples. Therefore reliable method is to plot
graph of log survivors against time of exposure.

(¢) Decimal reduction time (D value)

steﬁﬁzzﬁio?ln;rgiege Tﬁ‘l’im‘.“’“s to indicate the efficiency of
reduce the number .f IS Is the time in minutes required 10
08 Combsniat O viable organisms by 90 percent i.c. the

Sponding to one log cycle on the survivor/time curve.

The order of death : .
the eQuation: of microorganisms can be calculated from
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K = 1/t (log No - 1og N)
where K is constant depending on the organism, temperature,
medium and assuming logarithms to the base 10; it is the
tme of exposure in minutes; No is the number of organisms
viable at the beginning of the time interval and N is the
qumber of organisms viable at the end of the time Eaza
it was noted that after 90% reduction in microorganisms
the following equation was obtained:
/K = 1/t (log No - log 0.1 No)
= 1/t (log No - 1og10"* No)
= 1/t [log No - (log10™ + log No)]
= 1/t [log No -(-1) log10 - log No]
=14 (1) log 10

=1/
H = ﬁ? - - -
Time t was defined as the decimal reduction time which
is 8:8 the D value.
= 1
n be found out by calculating K from

,:5 value of D can
the graph of logarithm of the numbe

against time of exposurc
. ao 1. the Thermal Destruction of

r of surviving organisms



Aa) Dry Heat Sterilization

Substances which get destroyed by moist heat or due t0
their physical characteristics cannot be sterilized by moist

i
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heat May be sterilized by ¢ i

. Iy heat i . .
for this PUrpose  which 4y l::llov?l'ls designed specially
qermostatically - controlleq, tCtrically heated and

ide. In addition, dry heat

serilization is the method of choice for sterilization of glassware,

many s.urglcal__l_nstmmems and surgical catgut. Preparations
containing water, alcohol or other volatile substances and
surgical dressings cannot be sterilized by this method because
at high temperature liquids may evaporate and dressing may
char.

During dry heat sterilization the microorganisms and
bacterial spores are killed by oxidation. Since dry heat is
less effective than moist heat, higher ?emperatures and longer
periods of exposure are required. Exposure at 160°C for 1
hour is required for dry heat sterilization. The exposure time
depends on packaging of the material, thickness of glass,
volume of container etc. for example syringes and needles
may be sterilized at 160°C for 1 hour but glycerin or liquid
paraffin must be sterilized at 160°C for 2 hour or at 170°C for
1 hour. Consequently higher temperatures require shorter
exposure time for a given substance and on the other hand
lower temperatures require longer exposure time. A substance
which gets decomposed at a higher temperature may be sterilized
at low temperature exposed for long period of time. Dry heat
sterilization may be done by means of direct flame (flaming)

or by hot air oven.

(@) Flaming

Flaming is the simplest method of dry heat sterilization
in which the material to be sterilized is kept in the hot part of
Bunsen bumer’s flame for a few seconds ‘and the process is
repeated several times. This method is generally used for
those articles which are to be used immediately e.g. forceps,
needles, knives, blades, scalpels, metal spatulas, the mouth
of culture tubes and bottles, and platinum loops. This method
i Not reliable for sterilizing greasy or oily materials.
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(b) Hot-air Oven

Hot air oven or dry heat sterilizer consi.sts of a Metaljjc
chamber of aluminium or stainless steel, which is elecmcauy
heated and thermostatically controlled. There are twg types
of ovens (1) in which air is circulated b.y gravity convection
to all parts of the chamber (2) “mechanical convectlop type”
in which air is circulated by a fan. The latte_r type is more
satisfactory because the sterilizing temperature is more readily
controlled. .

The chamber of the oven has double walls which ape
separated from each other by thick layer of glass-fibre insulatiop,
The hollow flanged door is also filled with glass fibre insulation_
The inner side of the door is fitted with asbestos gasket that
provides a tight seal to prevent heat loss. Depending on the
size of the oven 3-4 perforated shelves are provided in the.
chamber which can be removed as and when desired. A good
quality thermometer is fitted in front of the chamber for noting
the temperature during the process. A fan is provided for air
circulation in the oven. A vent is fitted at the top of the
oven. An on-off switch is provided along with green and red
indicators. The heating elements are fitted on the lower side

of chamber. Heat is transferred from the source to the articles
by conduction, convection and radiation,

Fig. 13.1 Hot-air oven
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ven should be properly loaded

For getting good results the o

so that all the articles are exposed to uniform heat for required
ime. Care should be taken that the oven is not opened in
petween the s.tenllzatxon operation. Glasswares (thoroughly
cleaned and dried) like conical flasks, test tubes, pipettes etc
should be plugged with non-absorbent cotton \'vool because:
absorbent cotton wqol becomes saturated during sterilization
and the plugs act as inefficient seals because the motile bacteria
can swim through the attached moisture into the tubes.

Advantages of Dry-Heat Sterilization

1. It i§ most suitable method of sterilization for substances
which are destroyed by moisture e.g. oily substances
and dry powders.

2. Glasswares like flasks, test tubes, pipettes, all glass
syringes etc. can be easily and thoroughly sterilized
which may not be possible in moist heat sterilization.

3. It is less damaging to glass and metal equipment
than moist heat.

Disadvantages of Dry-Heat Sterilization

1. It requires very long heating up times, high
temperature and long exposure time:

2. Most medicaments, rubber and plastic articles which
are thermolabile get destroyed by this method.

3. Preparations containing water, alcohol or other volatile
substances cannot be sterilized by this method because
the liquids may evaporate at high temperature.

4. It is unsuitable for surgical dressings because the
natural moisture of the fibres quickly vaporises which
leads to deterioration and ultimately charring may

| take place. 7
mm Heat Sterilization:

Moist heat sterilization is also known as steam sterilization.
It is done in an autoclave but on small scale a pressure cooker
can be used, in which steam under pressure is used. It is the
. Most reliable method of sterilization because .in the presence
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isture bacteria are destroyed at 4 considerably | Wer
of mois tllllll‘. rather than when moisture is absent, Ty facy
“’"‘g,{:l cells with a large percentage of water ape illeq
::;lly. Spores, which contain relatiyely low Percentage of
water are comparatively difficult to kill, Ey this Methoq the
microorganisms are destroyeq by denatu.ratmn and COagulio,
of some of the essential prot_ems present in the mlcroorgamSms.
Moist heat sterilization is more powerful  than dry heg
sterilization because (a) -the penetrating power of g,
much more than that of dry heat (b) the thenn.al Capacity of
steam is much greater than that of dry heat (c) in pregence of
moisture, denaturation or coagulation of essentia] Proteing
present in microorganisms takes place at lower temperatyre,
(1) Autoclaving Autoclaving is the process of heating j,
an autoclave in which saturated steam under pressure ig allowegq
10 penetrate through the materials for at least 15 minutes 4 ,
minimum temperature of 121°C. The measurement of tip,
begins when the temperature of the material being steriizeg
reaches 121°C. It should be noted that it i the temperapyre
which destroyes the micro-organisms and not the pfessm-e,
the pressure helps in increasing the temperature of the System,
The following table shows the relationship between pressure
and temperature and the CXposure times commonly €mployed
for sterilization by steam under pressure,

—
Pressure Temperature Time

10 pounds 115.5°C 30 minutes

15 pounds 1218041 20 minutes

20 pounds 126.5° 15 minutes

Generally the Sterilization in an

. rature of 121°C for 15 minutes.
Autoclave is an apparapys used for sterilization by steam
under pressure, A portable or he

; nch autoclave is quite similar
to pressure cooker. It is g hollow cylingric sl Vel of ahailt
15 litres capacity made UP of alumin;

fitted with a lid which can be fi
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|
‘ l;' — Stainless steel hollow vessel
|

e 1~ Perforated metallic basket:

Point for electric mains

Fig. 13.2 Autoclave

autoclave the lid is fitted with eight screw clamps, a pressure
gauge, an air vent and an adjustable safety valve. The externally
fitted lid has the advantage that whole of the capacity of the
vessel can be used but at the same time it has disadvantage
also that even if one clamp is damaged or left loose, the
pressure imposed on others may lead to explosion. Therefore
it is essential that all the clamps should be firmly secured and
should be carefully maintained. The autoclave is electrically
heated, the electric elements are fitted at the bottom of the
autoclave. It is provided with a perforated metallic basket
fitted with legs, in which the material to be sterilized is placed.

Working

The working of this type of autoclave is very simple.
The perforated metallic basket is taken out of the vessel and a
bucket full of water is put in the vessel so that the heating
tlements get completely immersed in water. The material to
be sterilized is loosely packed in the basket which is then
Kept in the autoclave. Care should be taken that the basket
should not touch the water. The lid is tightly fitted in position
and the source of heat switched on, air vent it kept open.
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After sometime the water in the aptoclaye.stans boiling anq
steam generated will replace the entire air in the body of the
autoclave (this factor is very iinportant otherwise complete
sterilization may not be possible). Whep the steam hag Passeq
freely through the vent for about S'mmutes, close the vent
As the pressure inside the autoclave mcre.a.se:s, the t'empel'ature
also increases and reaches to tl.le sterilizing point already
controlled by the thermostat which is generally 10 pounds
per square inch and a temperature of 115°C or 15 pounds pey
square inch and a temperature of 121°C for 30 minuteg and
20 minutes respectively.

When the pressure has reached to the desired level, ag
indicated by the pressure gauge, heating is continued for the
required time. Then the source of heat is switched off and
the autoclave is allowed to cool slowly. When the pressure
inside and outside the autoclave equals or drops to zero leve],

the steam vent is opened and lid removed to take out the
sterilized material,,

(2) Horizontal Large Scale Autoclave
autoclaves described above can only be used for

of articles or for a few transfusion bottles. On larger scale

€.g. In hospitals and industries horizontal autoclaves are used
which may measure upto 20 ft in length and 12 inch to 6 ft in
diameter. In pharmaceutical industries, double door autoclaves
are used in which the substances to be sterilized are introduced
through one door and taken out

Jut through the other door. The
construction and working of h =

orizontal autoclaves are basically
the same as that of portabl

: ¢ autoclaves but steam may be
introduced from an outer source,

The portable
small number

Advantages of Moist Heqt Sterilization

can be sterilise j
3. Solutions packe

. d in sealed containers, as ampoules,
are readily steri

lized by this method,
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4. Bulk solutions, glassware, Surgical dressings, rubber

gloves and surgical instrume _
sterilized by this method, als are effectively

pisadvantages of Moist Heat Sterilization

1. This method is unsuitable for mater :
, aterials ann
withstand the heating at 115°C ¢f more ST

2. This method is not useful for o :
: ; oils, fats, ointmen
powders, oily injections: an : s

e d other preparati
through vehich steam cannot penetratge=—"
/2N Heatino with a Danrea_t_+ T = ¢



ities of the vacCines dic pruwvuwus wueicds the b - -y
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pro pe aCteria

are kill
terilization by Radiations
7" Sterilization by radiations is also known g “Colg
sterilization” because no heat is .used In this methoq 5
microorganisms are very susceptible to t.he lethal effects of
ionizing radiations. The exact mechanism by Which the
microorganisms are destljoyed is not qear.. Accordx'ng to one
theory alteration of chemicals presents in mlcroorgapxsms takeg
place with the formation of new compounds which destroy
the microorganisms. According to another theory the vital
structures of cells, such as nucleoproteins are destroyed by
which the microorganisms are killed. s
Radiations may be classified as :
1. Electromagnetic waves which ‘include infra-reg
radiations, ultraviolet light, X-ray and gamma rays.
2. Stream of minute particles of matter which includes
alpha radiations and beta radiations also known as
alpha particles and beta particles respectively.
.O.ut of the above mentioned radiations only the infra-red

purposes.

(1) Ultra-violet light Direct sunlight is quite harmful 0
the microorganisms, it can destroy them due to the presence
of ultra violet rays in jt. u.v. rays of shorter wavelengths ar
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BCr wavelengths. These two
€ sun,

morg destructive than rays of lon
lyP"'S of rays are emitted by th

avelength are absorbed by the
v r wavelength which are lesgatmosphere where as rays of

The penetration power of (J,y rays
offective only to the exposed surface,
commO"lY employed to reduce airborne
smn-lization of aseptic rooms or aress where
r0cessing is to be carried out,
gerilizing agent.

The most common Source of artificial U.V. rays is the
y.v. lamps by which U.V. radiations in the region of 2537 A
are produced which has germicidal activities. They are often
used in pharmaceutical industries for sterilization of aseptic
rooms and for naked surfaces such as table tops etc; for this
purpose the lamps may be fitted at the top of the surface to
be sterilized.

U.V. rays are very harmful to the skin and eyes therefore
these organs must be properly protected by wearing hoods,
gowns with long sleeves and rubber gloves. Eyes should be
protected by wearing eyeshields e.g. plastic face masks.

(2) Gamma Rays Gamma rays are generally obtained
from radio-active isotopes of cobalt 60. When the unstable
atoms of this isotope disintegrate, they emit two gamma rays
in succession. They kill microorganisms by ionization of
atoms of essential substances present in the living cells of
microorganisms.

Gamma rays are similar in nature (o X-rays of short
wavelength. Being electromagnetic radiations both of the{n
have high penetration power, the fact which is used in
sterilization.

is very less, they are
Therefore they are
contamination and
hiere the pharmaceutical
It is of little value as a

Advantages of gamma radiation sterilization

1. Because of high penetration pOWer these radiatipns
are used in the preservation of foods. In phanna.c‘eutnlcal
industries they are a satisfactory method of _stgn_hza@n
for parenteral preparations containing antibiotiCs }1l§e
benzyl penicillin, streptomycin sulphate, polymixin
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sulphate; vitamins like ascorbic acid, surphonay,
such as sulphapyridine and sulphathiazole etc

2. These radiations are used for sterilization of go

bacterial and viral vaccines e.g. influenza, Poﬁomyeﬁ?-

and rabies vaccines. Is

There is no significant rise in temperature,

4. The process is continuous because short expog,
time is required and a large quantity of materig car;
be sterilized at once.

5. No aseptic handling is required because sterilizatio,
can be done after. packing the material ip fing]
containers.

6. This method is quite reliable.

(&S

Disadvantages

1. Because of high cost involved, all the industries cannot
afford to instal the plant.

2. These radiations are harmful to the persons engaged
in this work so they must by protected and kept
under constant attention.

3. They may lead to change in colour, solubility and
texture of the preparation and may also lead to
decomposition of certain medicamepis.

2. Chemical Methods

&
%seous Sterilization

Gaseous  sterilization is a special type of chemical
sterilization in which the chemicals used are gases or vapours
and not. the liquids or solids dissolved in a solution. Many
gases hk.e, sulphur dioxide, chlorine, ozone, formaldehyde:
beta-propiolactone and ethylene oxide have bactericidal effects
Although formaldehyde was extensively used as a fumigant
but now Its use has found limited acceptance. Now a 48
cthylene oxide has become the most widely used gaseous
sterilizing agent in pharmacy and medicine.

The gases used for chemical sterilization are as folloWs:
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(1) Ethylene oxide Ethylene oxi

ordinary temperature, It ig 4 simple
formula

de is a colourless gas at
cyclic ether having the

Hzc\'—‘7 CH2
- ) O

It 1s .hlghly inflammable when mixed with air in
concentrations more than 3% but when properly diluted with
an inert gas §uch as carbon dioxide or a suitable flourinated
hydrocarbon it becomes non-inflammable and can be safely
used for sterilization purpose. A mixture of 90% carbon
dioxide and 10% ethylene oxide are non-explosive and are
commercially available.

The mode of action of ethylene oxide to kill the
microorganisms  is based on the process of alkylation of
essential substances present in a protein molecule.

Sterilization by ethylene oxide is a complex process as
compared to dry heat and moist heat sterilization because it
requires greater precautions with regard to ethylene oxide
concentration, temperature, humidity and time. Concentrations
of ethylene oxide used for sterilization range from 200 to
1000 mg/litre. If the concentration is doubled the exposure
time is reduced to half. Similarly with slight rise in temperature
the sterilizing efficiency of ethylene oxide is increased which
helps in the reduction of exposure time. In general the
concentration of ethylene oxide used should be 450 mg/litre
of sterilizer chamber space and must be exposed from 6 to 16
hours at temperatures of 49 to 60°C. However, if the materials
to be sterilized are unable to withstand this slight rise in
temperature, they should be sterilized at room temperature

but exposed for longer periods.
Table 13.2

Ethylene oxide concentration  Exposure time at 25°C

—

88 mg/litre 10 hours
442 mg/litre 4 hours
884 mg/litre 2 hours
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Gas sterilization requires specialized equipment whjg,
resembles autoclaves. The sterilizing chambers are fitted With
an efficient vacuum pump, a control systefm 'to regulate the
introduction of the gas mixture and to ma.mta‘m the desireq
gas pressure, a device to control the humidity in the chambe,
and thermostatically controlled heating elerilin(s.

Advantages of Ethylene Oxide Sterilization

1. Thermolabile substances can be sterilized at rogp
temperature or at a slightly raised temperature.

2. It has great penetrating power therefore quite usefy]
for sterilizing surgical instruments such as catheters,
needles and plastic disposable syringes.

3. It do not damage the moisture sensitive substances
and equipments, rather, it needs moisture for killing
the microorganisms. In anhydrous conditions it is
not effective.

4. Powders packed in polythene bags can be sterilized
by it.

Disadvantages of Ethylene Oxide Sterilization

1. Since it is a slow process therefore it requires long
exposures, hence, unsuitable in emergencies.

2. Costly equipment is required for sterilization.

3. Since it is highly inflammable therefore requires special
precautions.

Ethylene oxide sterilization is more expensive but less
reliable than moist heat sterilization therefore it should not be
used when the latter is practicable. For thermolabile substances
lonizing radiations should be preferred than ethylene oxide
for sterilization of articles required in bulk e.g. disposable
syringes, needles, gloves, catheters etc. ,

(2). Formaldehyde It has been qQuite commonly used for
fumigating the rooms and blankets used in the hospitals. It
is quite effective bactericidal agent and kills all bacteria
including spores. It is quite irritant and pungent in nature
and has low penetrating power, 'Formaldehyde has been used
in an alcoholic solution'for disinfection of instruments.
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Formaldehyde as sterilizing agent has disadvantages of

jow penetrating power through covered
surf, it is di
o expel the gas from the sterilizing are; aces and it is difficult

(3) Beta-propiolactone (BPL) |t i

. is ah ic i
ompoun d having the following formulg eterocyclic ring

Hz("I (|:1-12
It is quite acti 0_1_C=O

Is ve at low concentrations hence used in
concentrations qf 2-5 mgllitre of space at 25°C. The BPL
vapours are 5 times more active than formaldehyde vapours
and 4000 times more active than ethylene oxide. It has low
penetrating power, therefore used for sterilizing large areas
such as laboratories and aseptic rooms. It is not used in
pharmaceutical applications.

(b) Sterilization by Disinfectants

Disinfectants are mainly used for sterilizing the surfaces
used for aseptic work. In emergency they may be used for
sterilizing the surgical instruments like forceps, scissors, knives,
blades etc. For this purpose the required instruments may be
dipped in the disinfectant and afterwards washed with sterilized
water. The commonly used disinfectants include: alcohol,
iodine, isopropyl alcohol , chlorine, cresol with soap solution,
phenol and formaldehyde.

3. Mechanical Methods

@ Sterilization by filtration

Sterilization by filtration is one of the oldest methods of
sterilization used in pharmacutical industries for small 'spale
filtration operations. In this method the solutions to be sterilized
are passed through bacteria proof filters which include !Berkefeld.
Pasteur-Chamberland, Seitz and Millipore filters. This method
is very useful for thermolabile solutions and can also be useg
for other solutions. The microorganisms are physically remove
by adsorption on the filter medium or by a sieving mechagxs;;
The bacterias are entrapped in the pores of the filters an
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removed from the solution. Since the filtration tthUgh they,
pores is very slow, vacuum anc'l/or pres‘s'ure are employe, %
enhance the filtration. In practice, th‘e‘ filter, me,accessories
and the receiving vessels must be st.erlllzed ‘by Suitable 1y,
and kept sterile throughout the operation. .Thls method re it
that aseptic conditions must be maintained. The apparatus'
should be thoroughly inspected before. use _for cracks or break, g
which may render it unfit for s.tenhzanon purposes,
passing the solution through bacten.a proof. ﬁlters 1t 18 distr
into sterile containers, under aseptic conditions. The cop;
are then sealed. . :

Although all the processes i.e. ﬁltraqon, ﬁllm_g and sealing
are done under aseptic conditions but still the MICTOOrgan;gmg
may enter into the solution from atmosphere or containers,
therefore sterility tests must be performed on the filleq
containers.

buteq
ainerg

13.6 Types of Filters

Various types of filters used for sterilizing the solutions
by filtration are:

. Seitz filter.

Sintered glass filters.
Berkefeld and Mandler filters,
Pasteur-Chamberland filters.
Millipore filters.

Membrane filters.

e N

1. Seitz Filter

Seitz filter wag developed in Germany and marketed under
the trade name Seitz, They are usually round but occasionally
sauare. These filters consist of two parts. The lower part 1§
fitted with perforated plate over which a compressed asbestos

pad is placed which aCts as a filtering media. The asbestos
filter pads

;<> A made in several porosities out of which grade
- EXK. is used for bacterial filtration, The upper part has 2
valve through  which pressure can be applied. The two parts
1.€. upper and lower are joined together by means of winged
nuts. The solution 1o be filtered is filleq in the apparatu’
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pressure is applied lhroggh the valve and filtered solution is
collected at the bottom in sterilized containers,

;

L
------
. .

\

Perforated Plate Winged Nut

Fig. 13.3 Seitz filter

Advantages

1. As the pads are meant for single use , a new pad is
to be used each time and there is no risk of
contaminating the filtrate. ’

2. The apparatus is very simple to use.

3. For viscous solutions they are more suitable than
ceramic or glass filters.

Disadvantages

1. Asbestos pads may shed loose fibres which makes
the solutions unsuitable for injections.

2. It imparts alkalinity to the filtrate which may be
sufficient to precipitate the alkaloids from solutions
of their salts.

3. The pads may adsorb sufficient amount of medicament
which may result in loss of volume specially when
the quantity of solution is small.

2. Sintered Glass Filters

Sintered glass filters consist of ground glass particles which
are fused together by heating to its sintering point (it is that
temperature at which the glass particles are fused together to



226 Introduction to Pharmaceutics = |

- id, without melting). The fused particleg haye
:):ti?sn:iiess 0Il)le(:ween themselves whicl‘1 form a suitable System
for filtration. They are prepared in the from of dl'scs of
suitable size and shape which are then sealed by heat in o 4
Pyrex glass funnel, having the sha!)e of buchner funnel. These
so fused funnels are known as sintered gl?ss funne.:ls, which
are made in several porosities. For ba.ctenal filtration Grade
5 having the maximum pore size of 2 pm is used, for c'arificatiop
of solutions filters with other porosities are used.

7 /

Fig. 13.4 Sintered glass filter

These filters are very fragile, so must be handled carefully.

After use they must be cleaned thoroughly. For cleaning
they must be washed by suction with h

ot hydrochloric acid
. and then with distilled water, until the medium is free from
acid,

Advanrages

L. If properly cleaned, nothing can enter into the filtrate
therefore they are generally used for the filtration of
solutions to pe injected,

2. They are usefu] for filtlering small as well as large
volumes.

3. Very little am

ount of medicament may be absorbed-
4. Volume of filt

rate retained in the medium is negligiblc
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1. They are very costly,
2. The medium is unsuitable for large volume filtration

because for }his purpose large discs are required which
are mechanically weak,

3, Berkefeld Filters

Berkefeld filters are test tube shaped filters called “filter
candles” or “ceramic candles”. They are made up of unglazed
porcelain or kieselguhr and are available in various porosity
grades. They are hollow cylinders mounted on metallic joints.
one end of the candle is closed and the other is fitted with a
narrow opening which is attached to a vacuum pump at the
time of its use. These candles can be sterilized by moist heat
sterilization at 121°C for 20 minutes.
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Fig. 13.5 Berkefeld fiter

For filtration, the candle is placed in the solution to be
sterilized. The narrow opening is attached to the vacuum pump.
When the vacuum is applied and pressure inside the candle is
decreased, the solution is forced to move inside the gandle
from where it is collected in large size sterilized containers.
The solution so filtered is distributed in final containers wmqh
ae sealed immediately. The whole process of filtration IS
Carmied out under strict aseptic conditions.

By the repeated use of filtration candles, they may gel
clogged and can be easily cleaned by scrubbing the outer
Surface of the filter with a brush and passing the water under
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pressure from inside to outside direction which wij

' . rémOVe
the entangled particles from the interstices.

~4— Mantle

Filter Candle

» -'..':: f— UQUId

A — To Vaccum
== Pump

Filtrate Safety Flask
Fig. 13.6 Vacuum filtration assembly

Advantages

1. Themolabile solutions can be sterilized without
undergoing any change.

2. All, living as well as dead microorganisms are
removed.

Disadvantages

1. The main disadvantage of such filters is that the

pores get blocked which require thorough cleaning
before the process is repeated.

2. As compared to other filtration medias these candles
are little difficult to fit into the filtration units. ’

4. Millipore Filters

~ They are porous structures made up of pure and biologically
nert cellulose ester. These filters posses high degree of unifom
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5. Membrane Filters

Memprane filters have become very common among
ultrafiltration methods because the membranes used have been
reﬁnefi to a geat extent. They are made up of cellulose
polyvmyl chloride, nylon and other cellulose derivatives. Thej;
are very fine having a wide range of pore size from 8 down
0 0.22 p. However for bacterial filtration, membranes with
pore size of 0.22 to 0.45 p are recommended. For use these
membranes are fixed in a funnel of desired size and shape as
s done in the case of sintered glass funnels.

Advantages
1. Bacteria are removed by sieving.
7 Because the membranes used are Very thin therefore
adsorption of medicament is negligible.

3 A new disc is used for every new operation.

4. Filtration is quite rapid.

5. They do not liberate ‘particles 0

- to the filtrate.

r chemical substances

Disadvantages

1. Fine pores may get

may be used to remo |

2 Chemically they are 1ess reistant and are soluble In
certain organic solvents e.g. ketones and esters.

nd in this condition

3. They are Very prittle when dry a

they can be stored for years together. |
Membrane filters are extensively used for filtration and

Sterilization of a large number of pharmaceutical preparations

clogged easily for which a prefilter
ve colloidal matter.



