Air-Steam Mixtures. While air-steam mix-
tures have a lower temperature and lower ther-
mal capacity than pure steam, the presence of
air may be utilized to control the pressure in the
chamber when flexible-walled containers of
products are being sterilized. For example, plas-
tic bags of large-volume parenterals (LVPs) or
collapsible tubes of agqueous jellies would swell
and burst in an autoclave utilizing steam only,
particularly during the cooling phase. When air
is mixed with the steam and the air pressure is
independently controlled, the pressure applied
to the outside of the containers can be adjusted
to equal the internal pressure so that the con-
tainers do not burst. Because of the tendency of
steam and air to stratify, the mixture must be
mixed continuously; this is wusually accom-
plished by means of a blower.



Moist heat sterilization is alsc applicable to
equipment and supplies such as rubber clo-
sures, glassware, and other equipment with rub-
ber attachments; fiiters of various types; and
uniforms. To be effective, however, air pockets
must be eliminated. This normally requires that
the items be wet when placed in the autoclave.
They also will be wet at the end of the sterilizing
cycle. When moisture can escape without
damage to the package, part of the moisture can
be removed by employing an evacuation step at

the end of the cycle.



Dry heat sterilization is used for containers
-and equipment whenever possible because an
adequate cycle results in sterile and dry equip-
ment. High-speed processing lines recently de-
veloped have included a hot-air tunnel for the
continuous sterilization of glass containers,
which are heated by infrared lamps or by electri-
cally heated, filtered, circulating air. Glass and
metal equipment usually withstand dry heat
sterilization without difficulty, although uneven
thermal expansion may cause breakage or dis-
tortion. Rubber and cellulosic materials undergo
degradation, however. Certain'ingredients, such
as chemicals and oleaginous vehicles, to be used



in sterile pharmaceutical preparations are some-

times sterilized with dry heat at lower (usuall
140°C or less) temperatures.




Nonthermal Methods

Ultraviolet Ljght. Ultravicolet light is com-
monly emploved to aid in the reduction of con-
tamination in the air and on surfaces within the
processing environment. The germicidal light
produced by mercurv vapor lamps is emitted
almost exclusively at a wave length of 2537 Ang-
strom units (253.7 millimicrons). It is subject to
the laws for visible light, i.e., it travels in a
straight line, its intensity is reduced in propor-
ton to the square of the relative distance it trav-
els, and it penetrates materials poorly or selec-
tdvely. Ultraviolet light penetrates clean air and
pure water well, but an increase in the salt con-
rent and/or the suspended matter in water or air
causes a rapid decrease in the degree of penetra-
tiont. For most other applications, penetration is
negligible, and any germicidal action is confined
to the exposed surface.



Lethal Action. When ultraviolet light passes
through matter, energy is liberated to the orbital

electrons within constituent atoms. This ab-
sorbed energy causes a highly energized state of
the atoms and alters their reactivity. When such
excitation and alteration of activity of essential
atoms occurs within the molecules of microorga-
nisms or of their essential metabolites, the or-
ganism dies or is unable to reproduce. The prin-
cipal effect may be on cellular nucleic acids,
which have been shown to exhibit strong ab-
sorption bands within the ultraviolet wavelength
range.



The lethality of ultraviolet radiations has been
well established; however, it also has been
shown that organisms exposed to ultraviolet ra-
diations can sometimes recover, a fact not sur-
prising if the previously described theroy of le-
thality is correct. Recovery has been increased
by the addition of certain essential metabolites
to the culture, adjustment of the pH of the me-
dium, or exposure to visible light shortly after
exposure to the ultraviolet radiations. Therefore,
adequate exposure to the radiations must occur
before reliance can be placed upon obtaining a
sterilizing effect.



The germicidal effectiveness of ultraviolet
light is a function of the intensity of radiation
and time of exposure. It also varies with the sus-
ceptibility of the organism. The data in TahlE
21-4 show some of this range of susceptibility.?”
From these data, it can be seen that if the inten-
sity of radiation on a surface was 20 microwatts
per cm”, the minimum intensity usually recom-
mended, it would require approximately 1100
seconds exposure to kill B. subtilis spores, but
only approximately 275 seconds to kill
S. hemolyticus. The intensity of ultraviolet radi-
ation can be measured by means of a special

light meter having a phototube sensitive to the
2537 A wavelength.



Maintenance and Use. To maintain maxi-
mum effectiveness, ultraviolet lamps must be
kept free from dust, grease, and scratches be-
cause of the large reduction in emission inten-
sity that will occur. Also, they must be replaced
when emission levels decrease substantially
{about 30 to 50%) owing to energv-induced
changes in the glass that inhibits the emission.

Personnel present in areas where ultraviolet
lights are on should be protected from the direct
and reflected rays. These ravs cause reddening
of the skin and intensely painful irritation of the
eves. The American Medical Association has
recommended that the maximum safe human
exposure for 1 hour be limited to 2.4 mw/cm.”

Ultraviolet lamps are used primarily for their
germicidal effect on surfaces or for their pene-
trating effect through clean air and water.
Therefore, they are frequently installed in
rooms, air ducts, and large equipment in which
the radiation can pass through and irradiate the
air, and also reach exposed surfaces. Water sup-



Ionizing Radiations. Ionizing radiations
are high-energy radiations emitted from radioac-
tive isotopes such as cobalt-60 (gamma rays) or
produced by mechanical acceleration of elec-
trons to very high velocities and energies {cath-
ode rays, beta rays). Gamma rays have the ad-
vantage of being absolutely reliable, for there
can be no mechanical breakdown; however, they
have the disadvantages that their source (radio-
active material) is relatively expensive and the
emission cannot be shut off as it can from the
mechanical source of accelerated electrons. Ac-
celerated electrons also have the advantage of
providing a higher and more uniform dose rate
output.
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Electron Accelerators. Electron accelera-
tors are of two general types, the linear and the
Van de Graaff accelerators.

Lethal Action and Dosage. lonizing radia-
tions destroy microorganisms by stopping repro-
duction as a result of lethal mutations. These
mutations are brought about by a transfer of ra-
diation beam energies to receptive molecules in
their path, the direct-hit theory. Mutations also
may be brought about by indirect action in




which water molecules are transformed into
highly energized entities such as hydrogen and
hydroxyl ions. These, in turn, bring about en-
ergy changes in nucleic acids and other mole-
cules, thus eliminating their availability for the
metabolism of the bacterial cell. Ionizing radia-
tions differ from ultraviolet rays in their effects
on matter primarily in that the former are of a
higher energy level, actually producing ioniza-
tion of constituent atoms. Bacterial spores and



Applications for Sterilization. Accelerated
electrons or gamma rays mayv be used to sterilize
select products by a continuous process. Most
other product sterilization procedures must be

performed in batches. Continuous-process steri-
lization requires exacting control so that there

are no momentaxry lapses in sterilizing effective-
ness.

A number of vitamins, antibiotics, and hor-
mones in the dry state have been successfully
sterilized by radiation. Liquid pharmaceuticals
are more difficult to sterilize because of the po-
tential effect of the radiations on the vehicle sys-
tem as well as the drug.



Filtration. Filtration may be used for the
removal of particles, including microorganisms,
from solutions and gases without the application
of heat. Ideally, filters should not alter the solu-
tion or gas in any way, neither removing desired
constituents nor imparting undesired compo-
nents. "This reguirement essentially limits the
types of filters currently emploved to the poly-
meric types listed in Table 21-5A, B. Further-
more, almost all of those currently in use with
parenteral solutions and gases are of the mem-
brane tvpe, that is, tissue-thin material remov-
ing particles primarilvy by sieving. When a filter
does remove constituents from a solution such
removal is usually due to the phenomenon of
adsorption, which being a surface phenomenon,
occurs during only the first portion of the filtra-
tionn, that is, until the surface of the filter is satu-
rated with the adsorbed molecule or ion. The
most common attack on the filter itself is due to
the solvent properties of the wvehicle of certain
parenteral products. Since the most common
solvent for parenteral solutions is water, and the
use of other tvpes of solvents is litmited, this usu-
ally is not a problem. M



~_ membrane filters
are usually composed of plastic polymers,
including cellulose acetate and nitrate, nylon,
polyvinyl chloride, polyvcarbonate, polysulfone
and Teflon. Occasionally, sintered metals such
as stainless steel and silver are used when
highly durable characteristics are required.
Since most of the membrane filters are dispos-
able, the problem of cleaning after use is limited
to the reusable filter housing and support
screen. These are usually made of stainless steel
or tough plastic polymers that are cleaned rather
easily. Careful attention must be given, how-
ever, to disassembly of the housing and scrub-
bing to remove any residues that might intro-
duce contamination in subsequent use.



The pores, or holes, through any filte-
medium consist of a range of sizes. For example,
if a filter is designated as 0.2 micron porosity,
the porosity most commonly used to effect steri-
lization, the maximum mean pore diameter is
0.2 micron, with manv pores much smaller than
this and a few larger. The latter mav have diam-
eters as large as 0.5 micron, but they are so few
in number that the probability of a microbial
spore (commornly rated as being 0.5 micron in
diameter) finding those few pores is highly
remote. However, it must be recognized that
there is a probability of this happening, even
though remote. Therefore, it is no longer accept-
able to comnsider such filters an absolute means
of sterilizing a solution. To increase the probabil-

ity of achieving a sterile filtrate, some research-
ers are proposing that the soluton be passed
through a series of two O.2-micron porosity fil-
ters. Others have suggested that a O.1l-microm
porosity filter be used, but this would greatly
reduce the flow rate.

. L -



Since membrane filters function primarily by
sieving, particles of anyv kind in a solution are
retained on the surface. If the content is rela-
tively high, particles may accumulate on the
surface and plug the filter so that the flow of
solution decreases and perhaps stops. To aveoid
this problem, when solutions have a high con-
tent of solids, particularly when the solids are
deformable macromolecules, the solution can
best be processed by passing it through one or
more prefilters, the first usually being a rela-
tively porous depth filter. With depth filters,
particles may gradually migrate through the

filter if filtration time is prolonged, if there is a
high pressure differential, or if there is frequent
fluctuation of the pressure.



Liguid Flow Through a Filter. The flow
rate of a ligquid through a filter is affected by the
size of the pores through the filter, the pore
valume (the proportion of open space to solid
matrix), the surface area of the filter, the pres-
sure differential acrose the filter, and the viscos-
ity of the liguid. Of these factors, the two most
practical ways to increase flow rate is to increase
the surface area of the filter or the pressure dif-
ferential across the filter. There is a practical
limit to increasing the diameter of a disc filter;
thus, if larger surface areas are required, a
pleated filter in a cartridge form is often used. In
this way, a large increase in surface area may be
achieved within a relatively small overall dimen-
sion of the filter unit. Within the limits of the



physical strength of the filter and its housing,
the pressure differential can be increased to
several hundred pounds per square inch. In
pharmaceutical practice, however, the pressure
differential used is rarely more than 25 to 30
pounds per square inch. Usually, positive pres-
sure is applied on the liguid upstream of the
filter, but a vacuum mav be drawn downstream
of the filter. In the case of a vacuum, the maxi-
mum differential achievable is one atmosphere,
or approximately 15 pounds per square inch.
Furthermore, the negative pressure in the fil-
trate chamber makes it difficult to prevent the
ingress of contamination from the environment.
Therefore, for filtrations designed to render
solutions sterile, it is preferable to apply pres-
sure upstream of the filter using a gas filtered o
be free from microorganisms. Any leakage that
may occur in such a svstem causes loss to the
outside without contamination of the sterile fil-
trate.



Solutions having a high viscosity normally
have a slow flow rate. In most instances, the rate
can be increased by warming the solution,
thereby reducing its viscosity provided the
warming does not have an adverse affect on the
solution.

As previously mentioned, the flow rate
through a filter also depends on the relative pore
volume of the filter. All filters must have a solid
matrix that forms the framework for the pores.
The lower the amount of solid matrix is in pro-
portion to the pore Spaces, the higher are the
pore volume and the flow rate.



Types of Filters. Since the filter membranes
are designed to be used once and then dis-
carded, thev are disposable; further, filter hous-
ings composed of plastic polvmers, which are
also intended to be disposable, are becoming
increasingly available. Thus, all after-use clean-
ing is eliminated. In additdon, the membrane
filter is sealed into the housing by the manufac-
turer, so that the risk of leakage is minimal.

Membrane filters are usually in the form of
discs or pleated cvlinders (cartridges). They
ran e from 13-mm discs (approximately 0.8
cIm to 20-in. or longer cartridges (approxi-
matel}.r 0.84 M?). The housings are usually of
stainless steel or of various plastic polymers.

A few wvears ago, it was rather common prac-
tice to use filters that were reusable, such as
diatomaceous earth, sintered glass, and
unglazed porcelain. Because of the problems of
adeguate cleaning between uses and of testing,
current applications of these filters are limited.



Testing of Filters. Although membrane fil-
ters are tested and labeled by the manufacturer,
the pore size and integrity of the filter should be

checked before wuse. The least complicated
method for deoing this is the bubble point test.
This test is performed by applyving air pressure,
or other gas pressure, to the upstreamn side of a
hvdrophilic filter in which the pores are filled
with water. The pressure is gradually increased
until bubbles pass through the filter and are
detected in a liguid downstream. This bubble
point pressure is inversely proportional to the
diameter of the pores, and thus is a measure of
the largest pores. The filter manufacturer identi-
fies the appropriate test pressure for each pore
size, for example, 55 pounds per square inch
gauge for a hydrophilic membrane filter of 0.2
MIm porosity as given in Table 21-5. If there is
even a pinhole or similar defect in the filter,
bubbling occurs at a much lower pressure than
expected. For hvdrophobic membranes, the
filter is usually wet with ethanol or methanol
prior to application of the air pressure.



A more direct test with respect to the ability of
a filter to retain microorganisms is the microbial
challenge test. A standardized culture contain-
ing a large number of small microorganisms,
such as Pseudomonas diminuta, is filtered. The
objective is to provide a high probability of find-
ing oversized pores in the filter by the challenge
of a large number of small microorganisms.
Therefore, after filtration, the presence of bacte-
ria in the filtrate constitutes a failure of the filter
to sterilize the liquid. This type of test is nor-
mally a part of the quality control program of the
filter manufacturer for each lot of sterilizing
porosity membrane from which filters are made;
however, it is rarely used in the pharmaceutical

plant for individual filters.



Aseptic Processing. Sterilization of a solu-
ton by filtration provides an extremely clean
solution, removing dirt particles as well as
microorganisms in the micron size range. After
sterilization, however, the filtrate must be trans-
ferred from the receiver and subdivided into the
individual final containers. The obiective of this
process, known as aseptic processing, is to



exclude every microorganism from all steps of
the process subsequent to filtration. Accom-
plishing this requires a rigidly controlled aseptic
environment and technique. The difficulty of
maintaining such an aseptic condition is the
greatest problem associated with sterilization by
filoration; however, for solutions that are
adversely affected by heat, this may be the only
way in which sterilization-can be accomplished.

Aseptic processing is technically not a sterili-
zation process, but is mentioned here because of
its close involvement with sterilization by filtra-
tion. It is used for products that cannot be termi-
nally sterilized, that is, sterilized after they have
been sealed in the final container. (See also
Chapter 22.)




