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4. The filter box (FiBo)

The filter box has been developed for isolators [5] in
which highly active substances in aseptic conditions
have to be processed (see Fig. 9). The innovative design of
the box allows an excellent retention rate together with
a high throughput of air compared to the push-push fil-
ter cartridge. The filter box allows a five times higher air
throughput (see Fig. 12). The filter box is designed to re-
tain powder and aerosols of cytotoxic drugs and live vac-
cines based on viral or bacterial substances.

The filter box (see Fig. 10a, no. 4) is made from PVC
and has two flanges, one for the inlet (contaminated) air
(see Fig. 10b, no. 1) and one for the (cleaned) exhaust air
(see Fig. 10b, no. 3). The box contains the fiberglass filter
cloth (see Fig. 10b, no. 2) glued into the box. For transport
purposes, the flanges of the box can be closed with metal
covers secured with a clamping ring.

The safe changing method of the filter box can be
performed easily by a trained maintenance personnel.

Fig. 9: Isolator for aseptic work with safe change Iter system
below the containment oor for operator protection (SKAN AG).

In a first step (see Fig. 11a), the closed isolator has to
be cleaned thoroughly. Any cleaning material can be
disposed into the filter box housing from the contain-
ment side. During the second step (see Fig. 11b) the PVC
cover that was previously introduced into the isolator is
placed in the inlet air duct (see Fig. 11b). Now the filter
box is closed from the active containment side and the
technician can start to dismantle the filter box from the
outside underneath the isolator. At the last step (see
Fig. 11 ¢) the filter box can be removed from the isolator
and a new filter can be installed. After the installation,
the isolator has to be decontaminated, by means of a
H O decontamination run, for example, to achieve the
aseptic status. The old filter is now ready for the trans-
port to the waste disposal without further protective
packaging.

To follow this approach, the filter box can be changed
without protective outfit for the technician and without
any risk to contaminate the environment.

The filter box allows much higher flow than push-push
filter cartridges (see Fig. 12). H14up to 1100 m /h or up to
5.5 times greater and H13 up to 2000 m /h, up to 10 times
larger. The low pressure decay at high air volume and high
separation efficiency (170 Pa at 1100 m /h) requires only
small fans.

The highly efficient HEPA filter can be tested integrally
on the exhaust flange of the box or with a surface scan-
ning of the filter material. Therefore, the sample head of
the particle counter is guided through the exhaust flange
from the filter box. The filter gasket tightness is tested in
the same way. The tightness of the installed FiBo is meas-
ured with a leak test of the containment.

Compared to bag-in/bag-out filter systems, the FiBo
is directly located on the workspace of the containment
where the dust or aerosol is generated. The air duct to the
filter is short and can be reached for cleaning purposes
directly from the containment with the handling gloves.
This location saves long return air ducts, which have to
be cleaned by means of CIP and avoid a lot of waste water
from the CIP process.

Fig. 10a (left): Filter box with highe ciency Iter material; Fig. 10b (right): air ow directions indicated with arrows.
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Fig. 11a,b,c (from left to right): Filter box safe change method in steps a, b, ¢ from left to right.

Fig. 12: FiBo Iterclass, volume ow and pressure drop.

The disposal of the contaminated FiBo can be done in
the hazardous waste combustion. The total dimension of
the completely burnable PVC housing and filter material
is in accordance with these facilities.

The FiBo system can not be used for isolators with pro-
cess machines below the machine table. In this case the
back side of the containment will be needed.

5. Filter cartridge (FiPa)

The filter cartridge system is designed for the filtratrion of
the exhaust air with high air volumes in large isolator sys-
tems, for example, on automated vial filling equipment,
especially when it is operated from two sides (Fig. 13).The
replaceable filter cartridge is primarily developed for iso-
lators in which highly active substances are processed in
an aseptic way. It serves the personal safety during the
processing of harmful substances.

Primarily, filter cartridges are suitable for the retention
of air-borne particulate substances in the form of sus-
pended matter. The deposition of highly active airborne
particulate substances and live vaccines based on viruses
or bacteria is the designated use. The benefits are that the
substances removed from the process air can be captured
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Fig. 13: Isolator system with Iter cartridges. On top is the
technical area with the air handling units, below is the process
machine with a single wall isolator and air return ducts.
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in the cartridge by means of the closing cap; this means
that the filter change results in low contamination.

Due to its compact dimensions, the filter cartridge
is very flexible in use. The filter can be safely and easily
changed. It enables the potentially contaminated zone to
be restricted to the smallest possible area. Cleaning of re-
turn- and exhaust air ducts is not necessary.

The filter cartridge is a compact high efficient parti-
cle air (HEPA) filtration system. The filter class is H13 ac-
cording to EN 1822 [3]. One filter is designed for high air
flow of more than 600m /h, several parallel filters along
the machine plate are used for one system (see Fig. 14).
The modular, flexible arrangement allows the ideal lami-
nar air extraction in the sterile-toxic pharmaceutical pro-
duction. The filters are installed from the clean room side
just on the front of the containment. They are very ergo-
nomically accessible. The filters provide a distinct parti-
tion between the return air system and the sensitive area

Fig. 14: Filter arrangement inside the return air ducts.
opened for maintenance.

e channel covers can be
e air is guided through the horizontal duct and passes
through the vertical return air ducts to the air handling system of the isolator.

of the containment. Vertical ducting closes the recircula-
tion of the air flow to minimize the need of fresh air from
make-up air systems. The filters can be reached, when
the service covers are opened from the clean room side.
In the technical area above the isolator only standard in-
and exhaust ventilation units are needed.

The FiPa has a cylindrical form and is available in one
size with the dimensions 268 x 235.5 mm. The outer filter
surface is protected by a stainless steel mesh (see Fig. 15b,
no. 3), which gives the filter material (see Fig. 15b, no. 4)
a good stability. A splinter protection fabric is built into
the core of the filter cartridge in order to protect the filter
medium from potentially generated glass splinters from
broken vials. The cartridge is closed on the front side by a
polycarbonate cover.

The air from the isolator is passing through the open-
ing into the cartridge and than through the micro glass
filter cloth into the return air duct (see Fig. 15, right).

The filters are installed from the
clean room side with a bayonet
flange just on the working chamber
of the containment. The filters can
be easily reached, when the service
covers are opened from the clean
room side. The filter is changed
without contaminating the opera-
tor with accumulated toxic sub-
stances from the front side of the
containment (see Fig. 17a).

The air inlet on the containment
side can be simply closed with
the plastic cap (see Fig. 15b, no. 1)
with a tool by the operator from
the clean room side (see Fig. 15b,
no. 5). This is done for wet cleaning
process inside the containment or
for the filter change. The filter cap
is in the closed position sealed to

Fig. 15a (left): Filter cartridge design front side; Fig. 15b (right): sectional view of the Iter cartridge.

air ow through the cartridge [9].
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Fig. 16: Filter cartridge system, Iter class, volume ow vs. pressure drop.

the cartridge and the cartridge is sealed to the contain-
ment flange (see Fig. 15b, no. 2). The complete filter can
be assembled and disassembled quickly with the bayonet
release (see Fig. 15b, no. 2).

The cartridge airflow and overall size is optimized
for the needs of containments for aseptic process fill-
ing machines for filling and loading/unloading systems.
The volume of air is up to 1000 m /h for filter class H12,
640 m /h for filter class H13 and around 240 m /h for fil-
ter class H14 (see Fig. 16). With low contamination, a life
of up to five years is possible.

The recirculation return air ducting is opened first (see
Fig. 17b). Then, the closing mechanism from the operator
on the clean air side is activated. After locking the cap
tightly (see Fig. 17¢), potentially hazard material in the fil-
ter is encapsulated. The internal chamber of the contain-
ment can now be cleaned, manually or by wash in place
(WIP) systems. The filter cartridge is easily removed by
hand with a rotational movement (see Fig. 17d). The fil-
ter can be stored in another plastic bag and a transport
packaging to protect the closed filter against mechanical
damage. The complete package can now be supplied to
the thermal waste disposal. The point of exchange of the

FiPa is primarily depending on the amount of airborne
particles in the exhaust air. The FiPa should be replaced if
the pressure differential over the filter has doubled since
installation. It is not allowed to use the FiPa with a pres-
sure differential of more than 1500 Pa.

The filter media of each filter cartridge is ideally leak
tested at the manufacturer with a dispersed oil particu-
late (DOP) test. The filter can also be qualified in situa-
tion with an integral leak test method and the filter seat
can be checked individually for each filter cartridge with
a pressure decay test of the sealing — which is superior
to and easier than the commonly used DEHS integrity
test.

The ,safe change” method of the filter systems car-
tridge reduces directly the contaminated area to the
process chamber, decreasing cleaning time and -effort
significantly. One big advantage is that the filter car-
tridges can be safely closed during (wet) cleaning opera-
tions, avoiding a potential wetting of the filter material or
even a washout of substances back to the containment or
into the return air ducts. Also the system provides a very
easy to clean surface to the inside of the containment. It
presents a flat and homogeneous surface to the critical

Fig. 17a, b, c, d: Filter cartridge safe change method in four steps from left to right.
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inside of the containment - all bearings and gaskets are
inside the cartridge. The capital intensive CIP systems for
return air ducts, required, for example, for bag-in/bag-out
systems, are not needed. The high operating costs for in-
cineration of contaminated cleaning water do not apply.
The time-intensive detection of the cleaning status of the
return air ducts like cleaning assessment and cleaning
validation are omitted. The filters are part of the return
air ducts and not part of the interior of the containment,
a product change is therefore possible without chang-
ing the filters. This has advantages in frequent product
changes for contract manufacturers or development de-
partments.

The filter cartridge can be completely burned for easy
disposal. Filter cartridge systems allow a much smaller
size of the ventilation system in the technical area, de-
spite of the high volume of contaminated air to be pro-
cessed. The filter cartridges offer full compatibility with
the conditions of a vaporized hydrogen peroxide decon-
tamination cycle - this supports aseptic and toxic appli-
cations.

Applications with two HEPA filters in a row are not
possible for economical reasons to operate the process
equipments.

6. Summary

The drugs produced in the pharmaceutical industry of
today become increasingly more potent and/or require
aseptic manufacturing conditions because of their pro-
tein character and the inability to withstand terminial
sterilization processes. As the application of isolators
for product and operator protection is more and more
extended in the pharmaceutical industry, the need for
safely changeable filter systems is rising. Filter systems
need to assure aseptic safety and operator protection on
the air inlet and the air outlet from containments. On the
filters are airborne germs and potentially toxic particles
accumulated inside the containment and especially in
the outlet air filtration systems during the production
process, therefore a need for the safe change filters is
given. Up to now, the technician has to wear personnel
protective equipment if he is replacing a contaminated
filter.

Different safe change filter types, some recently devel-
oped and patented, are presented in the paper in hand.
The aim for the new development is to simplify the filter
change and protect the technician from hazardous dust
on the filter.The filter types push-push, FiBo and FiPa of-
fer this advantage for different applications.
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There are further applications for safe change filters in
the pharmaceutical industry. These applications go be-
yond the use of these filter systems in containments. In
combination with a containment, a safe change filter unit
always creates a primary containment.

In a secondary containment like a clean room, the
filter cartridge (FiPa) could be an advantage over the
actually used bag-in/bag-out filter systems. On a long
term, toxic particles can be accumulated in the exhaust
filter; therefore there is some need for a safe change fil-
ter system. Specially developed filter cartridges (FiPa)
for the high air throughput in a clean room can replace
the actual filter combination. The advantage of the car-
tridge idea is that the filters come integrity tested to the
point of use in the room and only the filter seat sealing is
tested on site. A simple pressure decay test is needed in
comparison to the time consuming DEHS test. All bag-
in/bag-out applications in the clean room can be omit-
ted, which leads to more safety and less time consump-
tion.

During the production of solid dosage forms, the use
of these filters as a second so called police filter would be
an advantage in fluidized bed granulation processes or to
protect air handling systems in coaters for tablets.
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