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ABSTRACT

A description Is given of clean air units, clean room garments,
disinfectants and types of contamination likely to affect pharmaceutical
preparations and measures for their control. Specific precautions for the
manufacture at Lucas Heights of sterile, pyrogen-free injectables and oral
preparations of low microbial contamination are also contained.
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1. INTRODUCTION

1.1 The Code of Good Manufacturing Practice for Therapeutic Goods

Injectable and oral Pharmaceuticals manufactured by the Commercial Products
Unit (CPU) at Lucas Heights are used for diagnostic and therapeutic purposes.
The Commonwealth Department of Health, through Its National Biological Standards
Laboratory (NBSL), has provided a set of guidelines* known as the Code of Good
Manufacturing Practice for Therapeutic Goods (GMP), to ensure that
Pharmaceuticals are prepared to a high standard. A copy of the GMP is contained
in the main manufacturing area.

Inspectors from NBSL regularly visit Lucas Heights to ensure adherence to
these principles and to examine manufacturing and testing records. The GMP
requires the documentation and regular auditing of sanitation, manufacturing,
quality control, despatch and disposal operations to achieve a high standard of
preparation and quality assurance. This manual describes problems associated
with the manufacture of therapeutic goods and includes specific precautions for
the manufacture of sterile, pyrogen-free injectables and oral preparations of low
microbial contamination. It is intended as an introduction to good manufacturing
practices for operators and should be used .-regularly in conjunction with training
aids to reinforce these practices.

2. SOURCES OF CONTAMINATION AND THEIR CONTROL

2.1 Introduction

Pharmaceutical preparations may become contaminated by dissolved impurities,
microorganisms and suspended particulate matter. The presence of these types of
contaminant can cause adverse reactions in patients. For example, the presence
of microorganisms or their by-products (endotoxins) can cause pyrogenic reactions
when administered to patients. These reactions inclucie shock, diarrhoea, fever,
hyperglycaemia, abortion and altered resistance to bacterial infection.

Good manufacturing practices are aimed at reducing such contamination during
production because the smaller the number of microorganisms in a product before
sterilisation, the greater is the probability that the sterilisation dose will be
effective. Because endotoxins are not significantly destroyed by moist heat or
radiation sterilisation, manufacturing methods should be designed to reduce the
incidence of microbial contamination in raw materials and containers, and during
the production process.



Endotoxins are produced mainly by microorganisms commonly found in humans,
water and products of animal origin. Raw materials used by the CPU and capable
of supporting and proliferating these types of microorganisms are water for
injection, normal saline injection, 10 per cent gelatin solution, phosphate
buffer, phosphate buffered saline, sodium bicarbonate solution, solution A and
human serum albumin. The presence of particulates in intravenous preparations
may cause an adverse patient response. The responses vary with the size, shape
and chemical nature of the particles and where they lodge to obstrAict normal body
functions. Consequences include blockage of blood vessels, clot formation and
allergenic reactions.

*

The main sources of contamination are as follows:

(a) The manufacturing area which, because of its physical layout, location,
traffic pattern and use, affects the level of particulate and microbial
contamination in the product.

(b) Raw materials.

(c) The manufacturing equipment.

(d) Final containers.
;

(e) Personnel. /
/
/

By adhering to the following good manufacturing practices, contamination
from these sources can be minimised: /

/
(i) Provision of a high standard of a.'fr cleanliness to both the general

manufacturing environment and specifically to the in-cell, glove box
and product manufacturing/dispensing areas.

(ii) A facility which is free of projecting ledges and other areas that are
difficult to sanitise. Equipment and furnishings should be designed to
minimise the shedding of particles and to facilitate cleaning.

/
(ill) Restricted personnel acceŝ  to manufacturing environments and the

provision of non-1inting overgarments for manufacturing personnel.
/

(iv) Implementation of sanitation programs for all areas.>

(v) The training of personnel in good manufacturing practices.



(vi) Selection of high grade raw materials and the establishment of good
manufacturing procedures to minimise risk of contamination.

To enable manufacture of a product which contains both a low level of particulate
contamination and a low number of microorganisms before sterilisation, the
following measures have been introduced.

2.2 Sanitation Program

A sanitation program to minimise the number of microorganisms in the
environment has been introduced. The program includes cleaning instructions and
schedules for all areas, descriptions of the disinfectants used and methods for
their preparation, and directions on equipment cleaning and storage.

For general laboratory work, the disinfectants are supplied as 2.0% Award in
70% ethyl alcohol:water and 0.5% chlorohexidine gluconate in 70% ethyl
alcohol:water. Because disinfectants are far from perfect tools in reducing
microbial contamination, certain precautions should be taken. They should be
rotated at regular intervals to prevent accumulation of organisms with resistance
to a particular disinfectant.

There is a loss of disinfecting power when chemical disinfectants are mixed
with other cleaning chemicals. In particular, Award and Hibitane solutions
should not be mixed with soap or household detergents. Organic materials greatly
reduce the efficacy of disinfectants. Care should be taken to clean all surfaces
before using the final disinfectant cleanser.

2.3 Clean Air Environments

Clean air work stations and rooms provide additional protection against
particulates and microbes. The manufacturing facilities are characterised by
filtered air which flows at a uniform velocity and direction at any given cross-
section (laminar flow) and which cleanses the entire enclosure in a single pass
thereby removing generated contamination.

The laminar flow principle was introduced to the work area to obtain both an
area free of air turbulence (thus minimising product contamination) and a system
having a self-cleansing capability in which filtered air is regularly changed.
Air entering work stations and rooms is contained at a positive pressure and
passed through a prefilter and a bank of high efficiency particulate air (HEPA)
filters.



The HEPA filters remove particles of > 0.3 jm from the air stream with an
efficiency of 99.97% Clean work areas are classified according to the number of
particles of size 0.5 and 5.0 î contained in each litre of air. Where
practicable, all manufacturing environments are supplied with HEPA filtered air
under positive pressure.

Two types of clean work station are used by the CPU. The units differ in .
the direction of clean air to the area and the type of protection provided to Ihe'
operator. Flammable or explosive substances should not be handled in either type
of work station.

2.3.1 Conventional laminar flow

Conventional laminar flow stations provide either horizontal or vertical
HEPA filtered air to the work area. These units provide no operator protection
since the air leaves the work area via the front of the unit without further HEPA
filtration. These units are suitable for testing for sterility and performing
aseptic manipulations using non-toxic materials. They should not be used when
handling cytotoxic drugs, suspected carcinogens and infectious materials.

2.3.2 Biological safety cabinets

Biological safety cabinets (Biohazard) are used in the preparation of
radiopharmaceuticals and the handling of microorganisms. These units, also
referred to as Class II units, are used to protect the operator from hazardous
materials and to isolate the preparation from environmental contamination. Air
enters the unit through a grid at the front of the work area and is passed
through HEPA filters before entering the work area and before being exhausted.

The bench surface comprises two areas, each fitted with separate grid
plates. The first grid, nearest the operator, is the air inlet, the second is
the clean work area. Operators must work within the second grid, so during
installation of the units there should be allowance for a clearance of not less
than 600 mm in the direction of discharge. Certain basic precautions are needed
to ensure that clean air units function properly:

(a) The clean air unit should be switched on half an hour before use.

(b) The prefilter should be cleaned as required.

(c) All equipment introduced into the work station should first be cleaned
to remove as much contamination as possible.



(d) In the horizontal laminar flow cabinets the most critical apparatus
should be placed upstream, i.e. closer to the air inlet than less
critical apparatus.

(e) The operator should work with hands and body downstream from the
critical area to prevent contamination on the skin and clothing from
dropping into the, product.

. '' .•' '
(f) The operator should only have essential equipment within the clean air

unit. Clean air units should not be' used for storage.

(g) Clean air units should be sanitised at the beginning and end of work
using standard swabbing solution and Wettex or lint-free wipers.

(h) No paper tissues should be used in this area.

2.4 Clean Room Garments

Clean room garments are usually made from a tightly woven, monofilament
synthetic fibre which prevents the formation of lint and also serves as a filter
which encloses the wearer. These garments minimise the number of particles
escaping from the wearer into the environment. Clean room garments should be
donned in the following order:

. overshoes, head and face covering,

. overgarments, and

. gloves

Garments should be removed in the reverse order.

During storage, use and especially laundering, clean room garments must
receive as little contact as possible with a dusty environment. For this reason,
garments must be laundered in machines reserved for this purpose, packed in
individual plastic bags and stored in clean and dry conditions. When clean room
garments become soiled, they should be placed in appropriately marked containers.



3. MANUFACTURING REQUIREMENTS

3.1 General

Because the safety margin of a sterilisation cycle is dependent on the
initial microbial load in the preparation, manufacturing practices have been
designed to minimise the risk of accidental contamination to all products.
Although product preparation containers, raw materials, dispensing equipment and
final containers are pre-sterilised, microbial contamination at a level
sufficiently high to cause pyrogenic reaction will occur if aseptic precautions
are neglected and the product is not sterilised immediately after preparation.
The level of microorganisms in the material immediately preceding sterilisation
must be maintained at an acceptably low level by adhering to the following
practices:

. Staff are expected to maintain a high standard of personal hygiene.

. All duties must be performed in accordance with the relevant plant
operating instructions.

. Before commencement and at the end of each work session, staff must
sanitise benches and work surfaces.

. All seals must be swabbed with Preptic swabs before removing samples.

. Equipment must be sampled with sterile needles and syringes, using a
new syringe for each sample removed. This is especially important when
sampling water for injection and normal saline for injection. Where
samples are not used immediately, operators must ensure that covers are
used to protect the needles from contamination.

. Intermediate solutions must be refrigerated immediately after use.

Clean air units, gloves boxes and general work benches must be swabbed with
a Wettex or lint-free wiper at the start and end of work. Use of paper tissues
in these environments will cause unacceptable particulate contamination in the
product.

Air settle plates should be exposed in the most active work areas. When
used to monitor clean air units, these plates are exposed within the main work
grid. When used to monitor glove boxes and in-cell environments, their outer
surfaces are protected from radioactive contamination by a bench roll cover. The
cover should be removed and the plate placed inside a plastic cover before
Incubation.



At the completion of each work session, used disposable equipment (e.g. all
pipettes, syringes, centrifuge tubes) must be discarded and recyclable material
(MAFH needles, used colloid preparation containers, extraction apparatus) should
be removed from the facility and washed and sterilised.

Access to the manufacturing facility should be restricted to essential
personnel. Since microbial and particulate levels increase proportional to the
number of operators, only essential staff should be present during manufacture.
Only air or oil pump vacuum systems should be used in dispensing solutions.
Water jet pumps are not permitted because these can lead to pyrogenic cross-
contamination of solutions. Liquid traps should be checked at the end of each
shift and any contents discarded.

3.2 Biological Indicators

Biological indicators (Bis) are used to monitor the efficacy of
sterilisation cycles. The different methods of sterilisation are challenged with
microorganisms having resistance to that form of treatment, e.g. autuclaving or
moist heat treatment are monitored with spores of Bacillus stearothermophi1us and
ethylene oxide treatments with spores of Bacillus subtil us. All autoclave cycles

^̂ ^̂ ^̂ KM̂ M̂ M̂MB ̂ M̂ ^̂ V̂ M̂̂ ^̂ ^̂ V ^

used by the CPU to sterilise radiopharmaceuticals, intermediate solutions, leads
and vials are monitored by B. stearothermophi1 us.

Because the viability and resistance of spores is affected by storage
conditions and age, each container of spore strips is pre-tested to determine the
number of strips required for routine monitoring. The resistance of spore strips
will vary between manufacturers and between batches from a particular
manufacturer. This variation may require a change in the number of inoculating
strips. Operators must take care to use the designated number of strips per
vial.

Because Bis should resemble the units sterilised, different types are used
to monitor sterilisation cycles of radionuclide generators, sterile evacuated
vials, radiopharmaceuticals and solid materials.

Since only the spores and not the vegetative cells of EL stearothermophi1 us
are extremely heat resistant, spore strips must be used within twenty minutes of
inoculation into broths. Spores contained in broths for longer periods begin to
germinate and lose heat resistance, thus invalidating the challenge. Inoculation
of spore strips must be performed at the specified clean work station.
Inoculation should not be performed in the manufacturing facility because there
is a risk that the area, and hence the products, will accidently become
contaminated with heat-resistant bacteria.
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Spore strips should be placed in the appropriate broths using forceps which
have been either passed through a bunsen flame or wiped with a sterile 70%
alcohol swab. On completion of inoculation, forceps must be similarly treated to
prevent the accumulation of heat-resistant organisms in the area. At the end of
the autoclave cycle, Bis should be immediately placed in the waterbath at 56 ±
2°C. Heat-damaged spores which may be present after treatment require optimum
conditions for growth and repair. Failure to incubate treated vials immediately
may result in the release of an inadequately processed product.

3.3 Technetium-99m Radiopharmaceuticals

Commercial Products Unit personnel manufacturing radiopharmaceuticals
containing technetium-99m should adhere to the following additional practices.

3.3.1 General

Water and saline must be discarded at the end of each shift.

Stannous chloride solutions must be freshly prepared for each shift by
filtering them through a 0.22 \m sterile Mi 11 ex unit into a sterile 10 ml vial.
After use, the remaining solution should be forwar.ic to the Microbiological
Quality Control Group for bioburden testing.

After each shift, the pH probe must be rinsed in sterile pyrogen-free water
and placed in a clean sterile container.

Where rapid cooling is required to maintain product integrity, only water or
ice prepared from water having low microbial and pyrogenic contamination (e.g.
freshly distilled water, distilled water held at 80°C or Water for Injection BP)
may be used. Tap water contains organisms that are pyrogen producers and highly
resistant to disinfectants. For this reason, tap water and ice prepared from tap
water should never be used to cool radiopharmaceuticals either during manufacture
(TC9M3) or after autoclaving (TC9M4).

3.3.2 TC9M3

Water used to boil and then cool TC9M3 must be either Water for Injection BP
or distilled water previously held at 80°C. After use, TC9M3 water baths must be
emptied, swabbed with disinfectant solution and inverted to facilitate drying.



3.3.3 TC9M4

Ten per cent gelatin solution must be freshly prepared by filtering it
through a 0.45 ijm sterile Millex unit into a sterile 10 ml vial. After use, the
remaining solution should be forwarded to the Microbiological Quality Control
Group for bioburden testing. A new sterile needle and housing tube must be used
to decant the supernatant. After centrifugation, the housing tube «'ould be
discarded and the needle placed in an appropriate container for recycli»;a.

When cooling TC9M4, care must be taken to ensure that the vials are not
immersed and the closures and necks of containers accidently sprayed by the
cooling water. After use, the TC9M4 water bath must be emptied, sanitised with
swabbing solution, and allowed to dry.

3.4 Other Injectable Radiopharmaceuticals

Where the stock solution is likely to be used over a prolonged period, it
should be passed through a 0.22 \tn sterile Millex filter into a sterile vial and,
where possible, refrigerated until required. After use, intermediate solutions
must be refrigerated. Benzyl alcohol used in the preparation of TUMI must be
freshly prepared for each batch. Unused benzyl/alcohol sodium chloride'solution
must be discarded at the end of manufacture.

Cation exchange resins must be washed using Water for Injection BP from a
freshly opened container.

3.5 Intermediate Solutions

Intermediate solutions are prepared by either filtration through a sterile
0.22 i*n Millex filter into sterile containers or similarly filtered and then
sterilised in an autoclave at 121°C for 33 minutes. Sterilisation cycles must be
monitored by biological and chemical indicators. Intermediate solution must be
refrigerated when not in use.

Where a batch of intermediate solution comprises more than one bottle, each
container must be clearly numbered with a suffix. Both batch number and suffix
must be recorded on all batch manufacturing records. Only one vial of each
intermediate solution should be in use.
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3.6 Oral Preparations

When making oral radiopharmaceutical preparations, the aseptic precautions
used In the manufacture of injectable products should be followed. Stock
solutions should be again passed through a sterile 0.22 \m Mlllex filter into
sterile containers at the end of each work session. Care should be taken to
ensure that a product of low microbial contamination is routinely manufactured.

3.7 Dispensing Tubes and Empty Vials

Dispensing tubes and empty vials should contain Mater for Injection BP when
they are sterilised in an autoclave. The units should be autoclaved immediately
after the addition of the water. All units should be processed on the day of
preparation. Biological and chemical indicators should be included in each
sterilisation cycle.

Where sterile vials and sterile evacuated vials are prepared, the biological
indicators should be inserted in a representative vial placed in the middle of
the basket/tray. Biological indicators for sterile evacuated vials should be
evacuated using a sterile 10 ml syringe before heat treatment.

3.8 Lyophilised Reagents and Sterile Generators

3.8.1 General

In addition to general good manufacturing practices, staff working in these
areas must adhere to the following practices.

Cardboard or paper materials must not be used in the anteroom or preparation
room. When stored in the anteroom, raw materials and components must be removed
from such containers and placed in plastic, stainless steel or other types of
container with similar non-1inting properties.

All equipment must be sanitised in the anteroom using swabbing solutions and
sterile Wettex or lint-free wipers before being placed in the critical facility.

Staff suffering from skin or upper respiratory infections must not work in
clean room environments to prepare either saline bags, lyophilised reagents or
sterile generators. Personnel must notify their supervisor promptly of these
conditions so that alternative arrangements can be made.

Authorised staff only are permitted in the sterile areas.
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Staff working In these areas must wear sterile lint-free overgarments before
each entry to the sterile room. Sanitation officers must also wear sterile
lint-free overgarments when sanitising the facility. Personnel novement in
sterile areas should be restricted to minimise the stirring up of settled
particulate matter.

Makeup must not be worn and pencils and erasers not be used in these areas.
Pass-through boxes must not be used for verbal communication. Doors must be kept
closed when not in use.

Sterile items suspected of accidental contamination must be discarded.

Manufacturing instructions and labels must be enclosed In plastic sheets.
Labels must be placed on containers, either before or after all sterile assembly
operations, by the operator not performing the critical stages of sterile
assembly.

3.8.2 Lyophilised reagents

Air used in the manufacture of lyophilised reagents must be passed through a
sterile 0.22 urn Millex filter. Foil owing.product preparation, manufacturing and
dispensing lines must be rinsed using Water for Injection BP, some of which must
be left in the lines, and the units wrapped and immediately sterilised by
saturated steam at 121°C for 33 minutes.

3.8.3 Sterile generators

Saline bags used in the manufacture of sterile generators must be prepared
aseptically by trained personnel who should adhere to all the above practices.

An additional saline bag must be prepared with each batch of elution bags
and forwarded to the Microbiological Quality Control Group for sterility testing.
A three-week processing time should be allocated when planning requirements for
elution systems.

When either a new batch of saline bags or potassium dichromate solution is
used, an additional elution bag should be forwarded to the Microbiological
Quality Control Group for pyrogen testing.

At the end of each work session, the radionuclide generator wash line must
be filled using 50C yg/mL of chlorine at pH 6.0-6.5. Care must be taken to
ensure that biological indicators and sterile non-radioactive generators are
processed in the designated autoclave and manufacturing sequence.
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4. MICROBIOLOGICAL MONITORING PROCEDURES

4.1 Introduction

Microbiological monitoring includes monitoring raw materials, intermediate
solutions and finished products for sterility and pyrogenic contamination and
testing waters, disinfectants, rinse solutions, surfaces ind radiopharmaceuticals
immediately before sterilisation for the types end levels of contaminating
microorganisms.

4.2 Biological Indicators

As discussed in Section 3.2, biological indicators comprise spores of
microorganisms that are resistant to the specific sterilisation method.
Biological indicators must be contained in suitable packs and included in every
moist heat treatment, e.g. Mark I IB generator Bis are embedded in 2.0 g alumina
in a generator vial, and evacuated vial Bis are sealed in a 10 ml vial which is
re evacuated before treatment.

Biological indicators should be packed with the load in the least favourable
position to heat exposure and, when treatment is completed, immediately incubated
at 56 ± 2°C.

4.3 Bloburden Testing

Bioburden testing (or determination of the level of microbial contamination)
is performed on raw materials (e.g. gelatin), intermediate solutions, final rinse
and cooling waters, surfaces and product immediately before heat treatment.
Samples of product, taken immediately before heat treatment, should be dispensed
with the standard production batch.

A 1 ml aliquot dispensed in a sterile 10 ml vial is required for each batch
of CR1M1, CR1M4, I1M1B, I1MIC, I1M2A, I1M2B, and I1M2S. The samples should be
labelled with product code, batch number and date of manufacture.

4.4 Envi ronments

Where possible, environments should be monitored during manufacture using
settle plates. Surfaces are regularly monitored using press plate and sterile
swab sampling techniques.
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4.5 Sterility Testing

Sterility testing is performed on every batch of radiopharmaceutical.
Because the results of sterility tests are available after the product has been
used and not as a pre-release condition, this type of sterility monitoring is
used to confirm good manufacturing practices.

4.6 Pyrogen Testing

Pyrogen testing is performed on decayed samples of all radiopharmaceuticals,
raw materials and intermediate solutions. Care should be taken to ensure that
sufficient volumes are available for each product. Each sample should be
identified using a white label displaying the product name, batch number, control
number and date of manufacture. Where the pot labels are necessary, these should
be marked with the product name, batch number, control number, date of
manufacture and the despatch date after holding time. Radioactive preparations
must be allowed to decay for the designated holding time before being despatched
for pyrogen testing. A 7 ml aliquot is required for B2M2, CR1M1, CR1M4, I1M2B,
K2M2, NA4M2, P2M2 and TC9H1; 6 x 1 ml samples are required for CR1M4, RMS and
RM6; and a 5 ml sample is required for TC9M2B, TC9M2G, TC9M3, and TC9M4. TUMI
is monitored for pyrogens using spare samples with a combined volume of '7 ml. A
30 ml sample of human serum albumin (HSA) is required.

A pyrogen sample of 10% gelatin solution is prepared by passing the solution
through a 0.45 tin Millex filter into a 30 ml vial and sterilising it at either
132°C for six minutes or 121°C for 33 minutes.

A satisfactory pyrogen test result is a pre-release condition for phosphete
buffer, phosphate buffered saline, sodium bicarbonate solution and generator
elution systems. A 100 ml volume of each of the solutions and a single container
of a treated saline system are required.
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