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S U M M A R Y  

This article highlights biocontainment design considerations for biopharmaceutical manufacturing facilities. The major focus of this report is on indus- 
try's use and interpretation of the regulations with specific design recommendations for a Biosafety Level 2 - Large -Scale physical containment level as 
described by the National Institutes of Health Guidelines. 

I N T R O D U C T I O N  

The first biopharmaceutical facilities for large-scale cul- 
tivation of recombinant microorganisms were designed 
and commissioned over 10 years ago. Since that time, 
several research, development, and manufacturing facili- 
ties have been built, and designers have established certain 
standards that have become accepted by industry, 

These standards have their origin in the guidelines de- 
veloped by the National Institutes of Health and amended 
many times since their first issue in the mid 1970s. Recent 
revisions of  these guidelines have defined a new biological 
containment category designated as Good Large-Scale 
Practices (GLSP). This containment category is intended 
to include organisms that pose no known risk to the en- 
vironment. Establishing this category is the result of  many 
years of safe industrial use of a number of  organisms that 
do not pose a risk to the environment; and indicates an 
increasing comfort level by regulatory authorities with re- 
combinant biopharmaceutical processing and the indus- 
try's design practices. 

This article describes design practices as they exist 
today. The effect of the establishment of  the G L S P  cate- 
gory on these practices is not yet evident. It is expected, 
that over time, certain containment designs will be mod- 
ified and somewhat relaxed for this class of organisms. At 
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the same time, certain designs, while not required for con- 
tainment, may continue to be used to effect contamination 
control (i.e., preventing contamination by organisms ex- 
ternal to the equipment). 

C O N T A I N M E N T  LEVELS 

The first step in the process of determining appropri- 
ate biocontainment design is to determine the required 
physical containment level. Physical containment levels 
were established by the National Institutes of Health 
(NIH) in the 'Guidelines for Research Involving Recom- 
binant D N A  Molecules' [7]. Four levels of containment 
were introduced for large-scale research or production. 
Large-scale is defined as cultures of more than 10 liters. 
Biosafety levels set containment conditions dependent on 
the assessment of  the degree of hazard to health or the 
environment posed by the organism in use. The four con- 
tainment levels are referred to as Good Large-Scale Prac- 
tice (GLSP), Biosafety Level 1 - Large Scale (BL1-LS), 
Biosafety Level 2 - Large Scale (BL2-LS), and Biosafety 
Level 3 - Large Scale (BL3-LS). The lowest containment 
level is GLSP and increases through to BL3-LS, 

Biological processes are assigned to containment lev- 
els based on an evaluation of the pathogenicity or toxic- 
ity of the host organism or the gene product. Each orga- 
nization performing recombinant D N A  research or 
production must have an Institutional Biosafety Commit- 
tee (IBC) that reviews and approves work with recombi- 
nant organisms. The IBC, working under the guidance of 
the Recombinant Advisory Committee (RAC) of the NIH,  
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determines the appropriate physical containment level for 
each recombinant strain. 

In general, industrial processes use recombinant or- 
ganisms with very low levels of risk and/or that have a 
history of safe industrial use (GLSP). For example, Es- 
cherichia coli strain K-12 derivatives are used to produce 
human insulin and human growth hormone, yeast strains 
are used to produce human insulin and hepatitis vaccines, 
and Chinese hamster ovary (CHO) cells are used to make 
tissue plasminogen activator (TPA) and erythropoietin 
(EPO). Typically, a facility constructed to produce quan- 
tities of these products could be designed to GLSP or at 
most to BL1-LS standards since these host-vectors meet 
the criteria of GLSP as described in this issue [ 14]. How- 
ever, the tendency in the biopharmaceutical industry has 
been to take a conservative approach to risk. This results 
in many firms electing to design to a containment level 
above that required. 

Such a design approach does carry its own inherent 
risks. While capital costs for facilities are higher, there is 
a more important consideration. That is, does the instal- 
lation of extra safeguards send conflicting signals to a 
public which may not be knowledgeable about the safety 
of the organisms being used? Over-designing may raise 
questions about the confidence a firm has in the real risks 
of a particular operation and may support perceptions that 
such production facilities are unsafe. However, designing 
to a containment level above that required does allow 
flexibility to accommodate changes in the host expression 
system utilized in the facility or revisions to the regula- 
tions. Typically, the costs involved in designing to BL2-LS 
level is a minor increment over BL1-LS. As such, one may 
want to consider designing a biopharmaceutical facility to 
meet BL2-LS requirements, although the agents produced 
could be classified as either GLSP or BL1-LS. Rather 
than describing the specific design requirements for each 
of the physical containment levels, the following are gen- 
eral standards used in industry which comply with BL2-LS 
guidelines. 

FACILITY DESIGN CRITERIA 

Facility issues center around the building requirements 
for biopharmaceutical operations and can be further di- 
vided into the following categories. 

Architeetural finishes 
In general, all containment area surfaces must be easily 

cleanable. Bench tops and equipment surfaces should be 
impervious to water and resistant to the chemicals used. 
Typically, stainless steel or epoxy tops with baked epoxy 
painted steel casework are used in industrial biological 
process areas. Where decontamination or sanitization by 

hypochlorite is the practice, epoxy bench tops replace 
stainless steel which can be attacked by exposure to hy- 
pochlorite. 

Placement of equipment and furniture must allow for 
proper cleaning. This is best accomplished by locating 
equipment off the floor or on housekeeping pads. Prefer- 
ably, equipment is hung off walls or from overhead sup- 
ports and floor supports and penetrations are eliminated. 
When this is not practical, seal and cove the flooring 
around equipment to prevent seepage of spills. 

The floors must be sealed and of a texture that allows 
for complete cleaning. The finished floor texture must be 
optimized for cleanability, while retaining a degree of re- 
sistance to prevent slipping when wet. Floor and wall 
samples should be provided by the installer. Even with 
samples, it is suggested that a test area be completed for 
evaluation. Troweled epoxy, terrazo, and Mipolam are 
three different types of floor materials suitable for this 
service. Floor-to-wall joints should be coved. 

Walls and ceiling should be nonporous and finished 
with a water resistant material. Epoxy-painted gypsum 
wallboard is typically used, but other wall finish options, 
such as Descoglas and Mipolam construction, are avail- 
able. The latter wall finishes are more costly and are not 
required unless a cleanroom environment is desired. In 
situations where equipment movement may damage walls, 
consider employing some type of impact protection such 
as PVC or Mipolam wainscot or stainless steel sheet metal 
attached to the working height of the wails. Plastic-faced 
suspended ceiling tiles can be used in place of wallboard 
for ceiling construction. This allows easy access to ser- 
vices and equipment located above the ceiling. If wall- 
board is used, locate required access hatches or design an 
accessible mechanical space. 

Washing facilities 
Facilities for personal hygiene must be available ap- 

propriate to the risks of exposure to the organism. Work- 
ers should wash their hands with an appropriate disinfec- 
tant soap before leaving the containment area. For washing 
hands, a simple stainless sink is suggested. A hand air 
dryer eliminates the need for paper or cloth towels. 

Garments 
It is general practice in industry to issue uniforms to 

operation personnel. Lab coats over street clothing or uni- 
forms are sufficient for BL2-LS biocontainment areas. 
Lab coats should be restricted to their area of use and 
should not be worn into cafeterias or general office areas. 

Personnel should wear safety glasses, goggles, or splash 
shields as appropriate. Other garments may include shoe 
covers and/or hair covers. However, these are used for 
contamination control rather than as a containment re- 



quirement. A change area or room at the biocontainment 
area entrance helps to confine these garments to the area. 

Security 
In general, access into biopharmaceutical production 

areas is restricted to employees required for manufactur- 
ing. This is usually accomplished by posting signs, and 
using keyed locks, combination locks, or card readers at 
strategic entrances. 

If viewing of operations is desired, a corridor with win- 
dows should be designed into the facility to allow tours 
without visitors needing to enter production areas. 

It is desirable to minimize maintenance activity within 
the operating environment. Utility services and major me- 
chanical systems may be located in adjacent but isolated 
areas away from the process operations. This will both 
minimize personnel exposure and keeps environmental 
contamination low. 

Signage 
The universal biohazard warning sign must be posted 

outside of containment areas. Besides the biohazard 
warning symbol, the sign should include information on 
the biohazard containment level, list the agents in use, 
responsible personnel, gowning requirements, and an 
emergency contact available around the clock (Fig. 1). Se- 
curity can be designated as the emergency contact. In this 
role, security typically functions as a communication cen- 
ter, notifying and directing appropriately trained person- 
nel to the emergency. 

Ventilation 
Primary containment is achieved by using closed sys- 

tems or biological safety cabinets as required for BL2-LS 
operations. Ventilation or environmental controls can only 
function as a secondary containment. 

Air flow requirements are not specified in the guidelines 
for BL2-LS biohazard level. Good manufacturing prac- 
tices (GMPs) recommend that air flows cascade from pro- 
cess areas outward to non-process areas. However, de- 
pending upon the risk, one may consider designing the 
biocontainment area to operate at a negative pressure rela- 
tive to surrounding areas. This reduces the spread of or- 
ganisms in case of a failure of the primary containment. 
All penetrations into the controlled area should be sealed. 
An airlock may separate the controlled area and the rest 
of the facility. The airlock design may include a changing 
room for personnel access and a separate airlock for 
equipment movement. 

The guidelines do not require HEPA filters in the fa- 
cility supply or exhaust for BL2-LS operations. HEPA 
filters may be used, however, in supply air for environ- 
mental control especially for downstream processing. One 
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Containment Level; 

Infectious Agents: 

Responsible Personnel: 
(include extension #) 

X- _ _  

X- 

X - _ _  

X- 

Special Requirements Before Entering: Lab Coat 
Safety Glasses 
Safety Shoes 
Other 

In the event of an emergency and if the personnel listed above cannot be reached, call 
Security (X-7300). 

Fig. 1. Biohazard warning signage. 

may consider HEPA filtering exhaust air as a secondary 
containment measure in facilities where aerosols may be 
generated. The number of air changes provided is depen- 
dent on the quality of air required and the heat load of the 
area. Twenty to thirty air changes per hour is not unusual. 

EQUIPMENT DESIGN CRITERIA 

Closed systems 
Cultures of viable organisms are required by the guide- 

fines to be contained within a closed system or primary 
containment device such as a biological safety cabinet 
(BSC). 

Fermentation systems, which are designed to be closed 
systems to minimize or prevent contamination by external 
organisms, effectively serve to contain recombinant organ- 
isms within the fermentor and prevent their escape. Fer- 
mentor designs typically include sterile vent filters, sterile 
filters for sparging and overlay gases, and steam-lock ad- 
dition ports. Fermentors should be designed for complete 
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drainability. The use of threaded components inside the 
vessels are to be avoided. Baffles should be welded, not 
bolted in-place. All deadlegs should be minimized. 

Biological safety cabinets 
Class II  biological safety cabinets which provide a 

H E P A  filtered air curtain are typically used for small open 
operations. This design provides operator protection as 
well as protection of the process inside the cabinet by the 
HEPA filtered air flow (Fig. 2). The H E P A  filtered ex- 
haust air from a BSC can be recirculated into the pro- 
cessing room, or in cases where noxious or hazardous 
vapors are generated, the exhaust can be ducted to further 
treatment or to the outdoors. 

Exhaust gases 
Exhaust gases from closed systems or primary con- 

tainment devices must be treated to prevent the release of  
viable organisms. The guidelines suggest filtration or in- 
cineration as possible treatment processes. Filtration tends 
to be the method of choice in industry. 

As previously mentioned, H E P A  filters are used for 
biological safety cabinet treatment of exhaust gases. Rec- 
ommendations on monitoring and testing these filters fol- 
low in a subsequent section. 

Sterile 0.2-micron hydrophobic vent filters are typically 
used for industrial fermentation gas filtration. The filtra- 
tion design should allow for in-place integrity testing of the 
system. 
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Fig. 2. Biological safety cabinets type II. 



The major operational difficulty with vent filters is their 
tendency to foul and plug when they are wetted by mois- 
ture carried over with the exhaust gases or due to exces- 
sive foaming. In order to combat this problem, a con- 
denser can be positioned between the fermentor and the 
filtration housing to reduce the vapor content and allow 
physical space for disengaging of aerosols. A cyclone can 
be inserted to further reduce moisture carryover prior to 
the filtration device (Fig. 3). In either case, these devices 
and piping must be sterilizable up to and through the vent 
filter to prevent contamination of the fermentation pro- 
cess. 

Steam jacketed filter housings can also be used to min- 
imize condensate. Care must be taken to prevent excessive 
heat to the filter housing which may damage the filter in- 
tegrity. Another option is to position a coalescing filter 
prior to the sterile filter to reduce moisture carryover, but 
recognize that this coalescing filter would be within the 
sterile operation envelope. The coalescing filter must be 
sterilized as part of the venting system. Also, the coalesc- 
ing filter can plug if the moisture load is too great or if 
excessive foaming occurs. 

For low gas volume sparging processes, such as typi- 
cal cell culture operations, the filter housing may be lo- 
cated directly on the fermentation vessel nozzle such that 
water vapors condense on the housing and return to the 
fermentor (Fig. 4). This simplifies the sterilization opera- 
tion. 
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Fig. 4. Sterile vent filter - directly on fermentop. 

Transfers 
Transfers include the addition of material to or the 

removal of material from a closed system. Note that sam- 
piing is included under this definition. The guidelines re- 
quire that exposure is prevented during transfers of  
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Fig. 3. Containment system for fermentor exhaust air (based on A. Moreira, Controlling Biotechnology Risks, SIMS Workshop). 
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BL2-LS cultures. This is usually accomplished by using 
steam lock addition ports (Fig. 5). This is another exam- 
ple where contamination control and containment princi- 
ples overlap. Steamable addition ports or sample ports are 
sterilized prior to use to prevent contamination of the 
fermentation process. Following the collection of a culture 
sample, the port can be resterilized or decontaminated 
prior to breaking the connection. The sterilization process 
effectively inactivates any organism in the area of the con- 
nection. Designs must minimize the frequency of making 
or breaking connections or drawing samples in a manner 
that increases the potential for gross exposure via a splash 
or spray. 

Aerosols of biological solutions are a particular con- 
cern. Centrifuges used in harvesting fermentation broth 
can generate aerosols. Large-scale centrifuges are now 
designed with the appropriate rotating seals to prevent the 
release of aerosols into the work environment. As an op- 
tion, small uncontained centrifuges can be located within 
a B SC to contain this operation. Tangential flow filtration 
systems may be substituted for centrifugation and are less 
likely to cause an aerosol problem. 

Rotating seals 
In order to prevent exposure to viable organisms, the 

guidelines specifically require that rotating seals be de- 
signed to prevent leakage. This is generally accomplished 
by using double mechanical seals and flushing the cham- 
ber between the two seals with a barrier fluid (Fig. 6). 

Condensed clean or pure steam is typically used as the 
seal flushing media (Fig. 7). The flush is then directed to 
the biological waste treatment system for inactivation as 
this stream may become contaminated in case of a seal 
failure and a resulting leak out of the process vessel into 
the seal chamber. A low pressure switch or low flow switch 
can be included to alarm if this barrier flush supply is lost. 
An automated supply shutoff which opens with power to 
the rotating driver helps to ensure the seal flush supply is 
present when, but only when, it is needed. 

A drain tap below the seal can be used to indicate seal 
failures. The drain can be fitted with a collection tube. Any 
material in this tube indicates a possible seal failure. 

Monitoring integrity of containment 
Closed systems and primary containment devices 

should include sensing capability to monitor the integrity 
of containment. The seal leak detector design described 
above is one example of monitoring the integrity of your 
containment. 

Biological safety cabinets (BSCs) generally include a 
flow switch which alarms when exhaust flows become too 
low. BSCs should have an indication of pressure drop 
across the HEPA filter which is further indication of proper 
operation. HEPA filters in BSC operations can last sev- 
eral years depending on their design and the dirt load of 
the operation. Certification of the HEPA filter perform- 
ance by a DOP test is required when the device is installed, 
relocated, whenever the filter is changed, or on an annual 
basis. 

Fermentation systems are often subjected to a pressure 
hold test prior to sterilization to demonstrate the integrity 
of the system. Most fermentors are pressure vessels, so 
pressure relief devices are required. The optimal design 
includes a rupture disk directly on the fermentor nozzle 
with minimal dead space between the rupture disk and the 
fermentation space (Fig. 8). A pressure safety valve is in- 
stalled above the rupture disk. This allows for relief dur- 
ing over-pressurization with a return to containment fol- 
lowing relief venting. A positive pressure on a pressure 
gauge between the rupture disk and the relief valve would 
indicate that the rupture disk has blown. As pressure safety 
valves are difficult to clean and sterilize, this design pro- 
vides the pressure relief necessary without this complica- 
tion. 

System identification 
It is a GMP requirement that all process equipment be 

identified and that use and maintenance records be kept, 
and this is reinforced by the guidelines for containment 
reasons. It is also important to record physical changes to 
closed systems and any testing following the changes which 
document continued proper operation of these systems. 

Equipment tags must be easily visible, permanent, and 
capable of standing up to process conditions. Plastic tags 
should be avoided where hot surfaces may damage them. 
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Fig. 5. Steamlock sample port. 
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Fig. 6. Contained double mechanical seal (from J. Van Houten, New Frontiers in Biosafety." The Industrial Perspective). 
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Equipment log books or a computer database can be used 
to document the use, testing, and maintenance of and 
changes to systems. 

VALIDATION 

The GMPs require validation of systems involved in 
the production of product for use in humans. Facility, 
equipment, and process validation is a complex topic 

which is beyond the scope of this discussion. However, 
one should plan the validation program during the design 
stages of the project in order to capture a complete set of 
documents and all the test data generated during inspec- 
tions and startup. An effective change control program 
should be established to ensure that changes are recorded 
and revalidation testing is completed when necessary. The 
validation of biological inactivation systems is discussed 
in more detail in the next section. 
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Fig. 7. Seal flush service. 
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Fig. 8. Fermentor pressure relief design. 

WASTE T R E A T M E N T  

Discharges containing viable recombinant organisms 
from BL2-LS processes must be inactivated by a validated 
inactivation procedure prior to release from the closed 
system. This section covers the selection of inactivation 
methods, batch vs. continuous systems, and finally some 
critical design features necessary for proper operation of 
a biological waste treatment system. 

The first question to be answered when designing a 
biowaste system, is how to inactivate the viable recombi- 
nant organism. The two most frequent techniques used to 
effect biological inactivation are thermal or chemical in- 
activation. 

Thermal systems 
Of these two, thermal inactivation is the most common 

method selected for large scale use. Using this technique, 
biological waste is heated to a sufficient temperature and 
held at that temperature to ensure the inactivation of  the 
recombinant organism. There is a large data and experi- 
ence base in this area due to the studies completed in the 
development of sterilization technologies. In fact, it is not 
unusual to design the thermal inactivation cycle as you 
might a sterilization operation. 

Chemical systems 
Chemical inactivation with agents such as hypochlorite 

(bleach) are very effective. However, this method is gen- 
erally restricted to use on small volumes of biologically 
active wastes. The disadvantages of  chemical systems are 
the additional hazards of the chemicals used. They can be 
corrosive and the addition of these chemicals may gener- 
ate a waste with a chemical disposal problem. 

Batch systems 
Biowaste inactivation treatment design as a batch sys- 

tem can match up well with waste flow as most fermen- 
tations are batch processes. One may elect to inactivate in 
the fermentor if this can be accomplished without product 

degradation or a negative impact on downstream process- 
ing. Alternatively, one may decide to discharge biological 
waste to a biological inactivation system. 

Batch design tends to allow for more flexibility than the 
typical continuous designs and are generally the design of 
choice for pilot plants or multi-product facilities. It also 
allows for confirmation of the effectiveness of  the inacti- 
vation process on discrete batches. However, batch design 
tends to be more capital intensive and consumes more 
facility space. 

The flow schematic in Fig. 9 shows a typical, dedi- 
cated, batch type, biological thermal inactivation system. 
In this system, biological waste drains by gravity from the 
processing operations located on floors above the bio- 
waste collection vessels. One vessel is in service receiving 
waste. Once the level reaches a predetermined value, the 
inlet valving switches, and waste is directed to the other 
collection vessel. Valve sequencing is controlled by a pro- 
grammable logic controller (PLC). The filled vessel is iso- 
lated, the mixer starts, and steam is supplied to the jacket 
to begin heating. Steam is also directed into the inlet line 
to purge and heat this line, and to aid in purging air from 
the head space over the collected waste in the vessel. Each 
vessel has a coalescing and sterile vent filter. The contents 
of the vessel are heated to and maintained at 121 ~ for 
30 rain using a single loop controller. After the inactivation 
cycle, the waste is cooled below 60 ~ using tower water 
to the vessel jacket. This is required prior to discharge to 
the process waste system. A circular chart recorder doc- 
uments the inactivation process. Following cooldown, the 
inactivated waste is discharged to process aqueous waste. 
Once drained, this vessel waits in standby until it is again 
required. 

Continuous systems 
Continuous inactivation is more typical in production 

plants where the character of the waste stream is more 
consistent and predictable. Biowaste can be heated, using 
a heat exchanger with sufficient residence time and dis- 
charged in a fashion similar to in-line media sterilization 
(Fig. 10). Continuous processes tend to be less flexible 
than batch designs, but demand less capital and can con- 
sume less facility space. 

Validation 
The guidelines require that BL2 organisms are inacti- 

vated prior to discharge. A complete validation package 
will include an installation qualification, operation quali- 
fication, and a performance qualification. 

The installation qualification documents that the equip- 
ment provided meets design specifications and is installed 
per vendor and design requirements. Areas included are: 
shop/field inspections of  major components, inspection of 
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materials of construction, checks that the system is in- 
stalled per construction documents, proper slope on 
drainage piping, adequate labeling is in place, proper ro- 
tation on mixers and pumps, instruments are calibrated, 
and manuals and other operation support documents are 
available. 

The operation qualification documents that the system 
operates as expected. This may include: alarm and inter- 
lock verification, control loop tuning, and sequential au- 
tomated control logic is tested. This test usually involves 
a mock run using water to verify proper operation prior to 
actual use with viable organisms. 

Performance qualification testing is designed to be an 
actual challenge to the system. The performance qualifi- 
cation of biological inactivation processes can be ap- 
proached in a number of ways. If a thermal inactivation 
method is to be used, the system can be monitored using 

thermocouples located in critical locations to validate that 
the system achieves the required temperatures. The best 
approach is to inactivate a volume of non-recombinant 
host organisms. The test organisms of choice should be 
non-recombinant host strains utilized in production. Al- 
ternately, in pilot plants where a wide range of host cells 
may be utilized, one may elect to test one or two of the host 
strains known to have the highest D-values and therefore 
to be the most heat resistant. By sampling before and after 
inactivation, the log reduction in activity can be deter- 
mined. A minimum of a six log reduction should be dem- 
onstrated. Most systems are designed and operated to 
achieve a nine to twelve log reduction. 

Critical design features 
Biological inactivation systems may not get the respect 

that the design of fermentation systems do, but in many 
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Fig. 10. Continuous biowaste kill system (based on A. Moreira, Controlling Biotechnology Risks, SIMS Workshop). 

respects their design requirements are similar. Areas of 
particular concern include; 

1. Adequate capacity: Do not overlook any of the 
waste streams. Use a generous safety factor so that plant 
capacity is not limited by the waste disposal system's ca- 
pacity. 

2. Appropriate materials of construction: Generally, 
316L stainless steelis used for these welded systems. Other 
exotic materials may be required especially when chemi- 
cal inactivation is selected. 

3. Instrumentation needs to be sufficient to control 
and document the inactivation. 

4. Lack of dead spots: Design the system as you would 
processing equipment. Watch valve locations and elimi- 
nate deadlegs. Filters must be adequately steamed. The 
head space over the waste must be purged of air pockets 
to ensure complete system inactivation temperatures are 
reached. 

5. Odor control: If  the plant is near a residential area, 
an exhaust scrubber or absorber may be required. 

6. Chemical hazards: The waste, pre or post inactiva- 
tion, may contain a chemical hazard that requires further 
attention. If  so, neutralization or other treatment may be 
required. 

Autoclave 
An autoclave for the decontamination of solid waste 

materials or small portable equipment is also required. 
This should not be the same autoclave that is used for 
sterilization of raw materials or equipment. Decontami- 
nation autoclaves should be dedicated to decontamination 
only. This is not a containment requirement but a require- 
ment of good manufacturing practices (GMPs). Watch the 
traffic pattern of material and waste flows. Crossing waste 
streams with incoming processing materials should be 
avoided. Double door autoclaves assist in preventing ma- 
terial cross contamination. The autoclave should be con- 
veniently located to minimize the distance from process- 
ing to the point of decontamination. 

SPILL RESPONSE 

Biological processing requires that a response plan be 
developed for dealing with spills. This includes procedures 
for evacuation, spill containment, decontamination and 
cleanup. 

It is common practice to locate a spill response kit in 
a safe area adjacent to the biological process operations. 
Typical materials in a response kit include protective gear, 
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PLUGGED TRAPPED with check valve 
Fig. 11. Floor drain. 

such as disposable boots, jump suits, gloves, and breath- 
ing protection. The spill kit should also include equipment 
to contain and recover the spilled materials. This may 
consist of spill pillows, squeegees, mops and buckets. A 
decontamination chemical such as bleach or pool chemi- 
cals should also be available. All spill response personnel 
must be trained in the proper use of the personal protec- 
tive equipment including self-contained breathing appara- 
tus (SCBA) and the proper methods to decontaminate 
and cleanup spills. 

It is good practice to dike around large scale processing 
equipment. The dike should contain the largest potential 
process volume and still allow for the addition of an in- 
activation chemical. Recommendations on the design vol- 
ume of a diked area range from 1.5-2.0-times the largest 
process vessel. 

Floor drains in any areas of potential biological spills 
can not be openly connected to the standard process or 
sanitary sewer service, but should be piped to the biolog- 
ical waste treatment system. This allows spills to be di- 
rected to the appropriate inactivation system and effec- 
tively serves as secondary containment for the facility. 
This design can minimize the probability of spills spread- 
ing outside the containment area. Floor drains connected 
to the biological waste treatment system must prevent 
backflow of waste or vapors from the waste system. This 
can be accomplished by installing a plug into the connec- 
tion at each floor drain. When a spill occurs, the appro- 
priate drains plugs are removed and the spill is sent to 
inactivation treatment. An open floor drain design con- 
nected to the biological inactivation system is preferred. 
This requires a trap of sufficient height be provided to 
prevent the back flow of aerosols created from the collec- 
tion of waste from the process areas. The installation of 
a check valve in the drain line provides assurance that 
back pressure from the biological treatment system will 
not compromise the process area (Fig. 11). 

INTEGRATION OF PROCEDURES AND TRAIN- 
ING WITH DESIGN 

Proper design for safe operations only support safe 
practices. Not having complete and validated procedures 
in place and an effective training program where those 
procedures are turned into practices can turn a well de- 
signed facility into an accident waiting to happen. 

Borrowing the familiar fire triangle concept where air, 
fuel, and heat are required to support a fire, biosafety can 
be considered to depend on proper procedures, training, 
and design (Fig. 12). Take away one of the sides of the 
triangle and the structure collapses. Similarly, if one of the 
legs of the biosafety triangle is missing or weak, the bio- 
safety program can collapse. Therefore, a discussion of 
design can not be complete without emphasizing that pro- 
cedures and training in safe biological practices is essen- 
tial. 
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