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A history of isolator and containment technology, 
Part 6: Development of the validation of isolators
Doug Thorogood

Abstract
This final section is devoted to the 

development of various validation 

methods conforming to GMP when 

applied to isolators and also a review  

of the methods in relation to validating 

the processes used in preparing for 

aseptic processing and sterility testing. 

There are brief comments on what the 

regulators expect.

Early aspects
Validation, as far as the pharmaceutical 

industry is concerned, started in the 

1970s, initially in the field of large volume 

parenterals. Up until that date no 

organised regulatory approved validation 

processes had been developed. 

If we look at the isolator usage up to 

that point, it focused on the rearing of 

germ free animals, protection of patients 

with compromised immunological 

systems and also protection of staff in 

treating patients with highly contagious 

diseases.

Germ free animal technology 

depended on HEPA filtered air and air 

exchange rates with disinfection, either 

manually or, later, by the use of gaseous 

formalin or peracetic acid. These were 

validated, in a sense, by the success or 

failure of raising and holding germ free 

animals in a germ free environment.

For protection of compromised patients 

again reliance was placed on air filtration 

and exchange rates plus appropriate 

disinfection. Here some environmental 

microbiological testing was undertaken, 

essentially to demonstrate freedom of 

bacteria and fungi.

For protection of operator, when 

dealing with seriously infected patients, 

there were barrier nursing techniques 

and also the use of validated disinfectants 

for decontaminating any items removed 

from the environment of the isolator 

and for the washing of the nursing staff 

as a routine.

Initial validation attempts
With the introduction of isolators into 

the pharmaceutical industry (circa  

late 1970) for sterility testing and then 

aseptic processing, the focus of  

the validation centred on tests  

such as freedom of leaks (positive  

pressure profile), efficiency of the 

biodecontamination (sterilisation) 

process and the beginning of the  

now established installation and 

operational qualification process.

When the validation of isolators was 

first contemplated, previous applications 

for aseptic processing and sterility testing 

were examined:

1. Those based on the use and  

function of safety cabinets 

2. Those based on the use and function 

of ethylene oxide sterilisation in  

a dedicated chamber.

3. Those based on conventional  

clean room aseptic processing.

It was thought possible to take some 

of the validation test procedures used by 

some or all of the three applications 

above and blend into a validation package 

for sterility testing and for aseptic 

processing.

Where there was a need for 

containment but not sterility the focus 

was upon the ability to validate that no 

dangerous active chemical agent could 

escape from the isolator (usually by 

using negative pressure profiles) and to 

ensure that the exposure to personnel 

operating the process was within the 

safe prescribed exposure limits.

What eventually evolved was the 

classic V-shaped approach for the 

validation process for isolators (see 

Figure 1) that had been developed after 

1970 for pharmaceutical manufacturing 

and testing equipment. 

Quality risk management process
Another aspect that was added was the 

development of risk analysis in order to 

identify any of the problems that may  

be encountered during the qualification 

processes and to identify the risks 

requiring validation (see Figure 2).

This was a very useful tool to bring 

together representatives of Production, 

QC, QA and Engineering to debate and 

agree the problems that may be found 

during the testing programmes and to 

decide the actions required for 

validation with the acceptance criteria.
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Figure 1: Typical pattern of an isolator validation pathway.
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Previous manufacturing  
and testing processes
Sterility testing, in general, had been 

performed in conventional safety cabinets 

using a unidirectional air flow for asepsis 

during the testing and a robust training 

programme to validate the operators. 

Physical validation included airflow rate 

and direction and also the cleaning and 

disinfection of the environment within the 

cabinet prior to gassing with formaldehyde 

vapour. The latter required the use  

of a biological indicator to determine  

the effect of the formaldehyde cycle.

The issue of using biological indicators 

during the validation of isolators also 

arose at that time (mid-1970s) from the 

established validation techniques used 

in ethylene oxide sterilisation processes. 

Here the biological indicator was used 

to test the combined effect of temperature, 

humidity, vacuum, time of exposure and 

gas concentration that are the essential 

aspects for an effective and reproducible 

ethylene oxide sterilisation cycle. It  

was reasoned that the same biological 

indicator approach (and model) could  

be used for the sterilisation of isolators. 

As the sterilisation cycle could be observed 

(most isolators were transparent to some 

degree) it was thought that some form 

of chemical indicator would be useful in 

observing the presence of the sterilising 

agent as well as its distribution.

By the mid-1980s several isolators 

had been built (mainly by La Calhene). 

The Rapid Transfer Port (RTP) was 

introduced in these and also early versions 

of gassing devices using mainly peracetic 

acid. Much debate evolved around  

the validation of the RTP and also the 

integrity of the gloves used on the isolator.

In the late 1980s Amsco (now Steris), 

actively marketing La Calhene isolators 

in the USA, introduced a hydrogen 

peroxide gas generator. This technology 

led to the use of chemical indicators, 

other types of biological indicators and 

eventually methods to measure peroxide 

concentrations inside an isolator.  

Later the use of chlorine dioxide was 

also offered by Johnson & Johnson  

as an alternative to hydrogen peroxide.

Validation from the 1980s
It is now perhaps appropriate to examine 

the history of the various validation tools 

used and the results obtained, especially 

for the validation of sterility test isolators 

and various types of aseptic processing 

isolators. It is assumed that the correct 

installation qualification studies had 

been completed satisfactorily. Many  

of the tests described below were used 

both in the operational and the final 

process qualification process.

1. Pressure hold tests

As almost all of the isolators used for 

sterility testing and aseptic processing 

were used in a positive pressure profile, 

usually 25 to 50 Pa above ambient 

pressure, some form of pressure holding 

or leak test was utilised. In most cases, 

for the test, the unit was over-pressured 

to around 250-300 Pa and the decay  

rate was measured over time. This was  

a problem for flexible film isolators as 

changes in the ambient pressure and 

temperature affected the decay rate. 

However a major leak could be detected 

by the rapid loss of pressure.

Later models of aseptic processing 

isolators had a pressure hold test built 

into the computer control system so that 

a sterilisation cycle could not start if the 

unit failed the leak test.

To detect a leak initially, ammonia 

fumes were used, either from a cylinder 

of ammonia vapour or from a dish of 

0.880 ammonia placed inside the isolator 

filling the volume with ammonia vapour. 

Over-pressure was applied and a pH 

sensitive cloth (yellow in colour) was 

passed over the surface of the isolator, 

especially around the RTP and the 

various seals on the unit. A leak of 

ammonia was detected by the cloth 

changing colour to blue.

A more searching test was to inject 

helium into the isolator and scan with  

a helium detector that gave an audible 

signal if helium was found to be leaking 

out. It was found with both test methods 

that leaks in gloves could also be detected. 

Helium was eventually used mainly for 

detecting leaks from RTPs and around 

the seals of penetrations for equipment 

in the isolator. 

Gloves and gauntlets present certain 

challenges with regard to leaks and leak 

testing. The earlier types of gloves used 

were based on latex composition and 

worked well with formaldehyde but due 

to the presence of peroxide in peracetic 

acid it was found that the latex became 

sticky and also degraded causing leaks.

Various other compositions appeared 

which included vinyl and Hypalon.  

The latter composition worked well with 

peroxide vapour and is now the main 

form of glove and gauntlet composition 

offered and used. Sleeves were made of 
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Figure 2: Quality Risk Management Process
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PVC and also polyurethane with a cuff 

system where the glove could be attached 

and if required changed safely without 

compromising the sterility of the isolator.

Glove leak testing covers a wide 

range of methods but the most common 

test today is an automatic pressure hold 

test either on a single glove in situ or a 

test system that can encompass several 

glove fittings at the same time. Edwards i 

gives a useful review of test methods 

and observed that trained operators 

were better at detecting leaks visually 

than the testing methods described.

2. Air exchange rates and airflow rates

The conventional clean room specification 

of a minimum of 20 air changes per hour 

was targeted as a goal in early flexible 

film isolators fitted with an inlet and 

exhaust filter in the ceiling of the unit. 

The air pattern inside was seen to be 

mainly turbulent but with some direct 

streaming from the inlet to the exhaust 

filter. This led to lengthy sterilisation 

cycles, as the vapour only circulated 

slowly around the inside of the isolator, 

and was resolved by the introduction of 

internal fans for aiding the distribution 

(see later). Also an inlet manifold was 

used to bring the entry of the vapour to 

be base of the isolator to encourage a 

better gas distribution. Many sterility 

test isolators used one of these methods 

of gas distribution i.e. internal fans or a 

different entry mode for the gas.

With the introduction of the rigid 

type of isolator for aseptic processing, 

the use of unidirectional air flow was 

considered and adopted because that  

is how it was for clean rooms. The target 

for airflow velocities was usually the 

norm of 0.45 m/second ±10% with air 

exchange rates of not less than 20 per 

hour. Thus many isolators of this type 

had a ceiling of HEPA filters to achieve 

the desired effect through the entire 

volume of the isolator. The air return 

systems were varied in design but it was 

found that very high rates of air 

exchange were achieved , especially in 

the small sterilisable transfer chambers, 

used to introduce items into the main 

isolator, where such air exchange rates 

exceeded over 500 to 800 per hour

With the introduction of Restricted 

Access Barrier Systems (RABS), in their 

earlier forms, reliance was still placed 

on unidirectional air flow but the physical 

barrier between the aseptic process  

and the operators gave an additional 

advantage. Gloves fitted to glove ports 

were utilised for any manipulations 

required, although these are rated as 

‘intrusions’ in the scoring system for 

safe aseptic filling. Later forms of RABS 

were totally enclosed and could be 

biologically decontaminated.

Current thinking is directed back  

to turbulent airflow over aseptic filling 

areas within a process isolator on the 

premise of low particle generation, high 

air exchange rates and easier and cheaper 

design for the isolator, plus the additional 

advantage of distribution of the sterilising 

vapour. These considerations would lead 

to smaller more compact isolators that 

are easier to clean and disinfect prior  

to sterilising.

3. Pressure and temperature

For aseptic processing and sterility 

testing the pressure in the isolator has 

always been positive and greater than 

the environment surrounding the unit. 

Generally the trend was to follow the 

classic pressure cascade by being higher 

in the aseptic area (Grade A) than in the 

surrounding environment, either Grade 

B, C or D, and the environmental pressure 

higher than in the areas external to areas 

surrounding the isolator. Generally the 

area surrounding the isolator for sterility 

testing was Grade C as it was for some 

aseptic processing units, but many 

isolators were, and still are, sited in 

Grade D areas. Usually the positive 

pressure in the isolator was between  

25 and 50 Pa above the ambient 

pressure. Any value higher than 50 Pa 

tended to make hand and arm insertion 

into the glove and sleeve difficult.

Temperature was also considered 

and, depending on the process was 

usually set at 18 to 20°C, although  

in later aseptic processing models  

the temperature was raised as part  

of the sterilising cycle. Where a low 

temperature was necessary, e.g. for 

aseptic compounding of cytotoxic or 

antibiotic drugs, a refrigerator was built 

into the isolator for storage of the drugs 

and the compounded final product. 

Temperature studies were also 

required when contemplating sterilisation 

with hydrogen peroxide in order to locate 

potential cold spots and to validate a 

reasonable degree of temperature stability 

and value, usually within 2 to 5°C for 

each thermocouple.

4. Chemical indicators

With the introduction of peracetic acid 

as a sterilant, the indication of the acid 

vapour being present was based on 

litmus paper, the blue paper changing  

to red. Later a peracetic acid dip stick 

(Merck) was used but these were only 

bleached to a beige colour and in both 

cases the test was qualitative. The dip 

stick method required moisture and the 

early method of evaporation of peracetic 

acid (40-50°C.) precluded the presence 

of water. Later spraying or aerosol 

techniques with peracetic acid showed 

the dip stick changing to a deep blue 

colour from white very quickly.

Amsco (Steris) introduced a chemical 

indicator (VHP® Indicator) for hydrogen 

peroxide vapour which worked well but 

over time faded so it was not possible  

to retain them in batch records. A later 

version (Steraffirm®) overcame this 

problem and also included a reference 

colour section on each strip. The test 

was based on a beige colour turning to 

blue when exposed to peroxide vapour. 

Other test strips for peroxide were 

developed e.g. Bioquell HPV-CI®.

The strips are not quantitative but 

are used to show the presence of the 

vapour. They were also used for peracetic 

acid ii. The test strips were very useful  

to indicate not only the presence of the 

sterilising agent but also to roughly 

determine the distribution of the vapour 

in the isolator. As isolators became 

larger in design, with additional 

equipment placed inside such as filling 

machines, gas distribution became an 

important facet of the validation process. 

Initially the gas entry was usually from 

one point above an inlet filter but later 

developments found the gas being 

introduced from a point under the inlet 

filters. In both cases reliance was placed 

on the air flow through the HEPA filters 

and the rate of flow had to be reduced  

to around 0.1 m/s to avoid gas streaming 

and also to encourage turbulence.

Other devices to aid distribution 

were a rotating nozzle inside the isolator 

(Bioquell) and multipoint entry across 

the length and breadth of the isolator. 

However, even in sophisticated isolators 

with excellent unidirectional air flow, 

the use of small fans to distribute the 

gassing agent was sometimes required, 

particularly when the isolators were 

attached to product incoming conveyors 

and exit sections with automatic opening 

and closing doors.
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5. Biological indicators (BIs)

For early validation studies to determine 

the reproducibility of a sterilisation cycle 

a typical biological indicator for ethylene 

oxide was chosen. These were paper 

strips inoculated with spores of Bacillus 

atrophaeus, formerly Bacillus subtilis var. 

niger (ATCC 9372, NCTC 10073 and 

NCIMB 8058). These BIs proved to be 

successful when using peracetic acid but 

required some humidity to be present. 

Also as the active agent adsorbed into  

the paper strip a suitable inactivator was 

required to be added to the recovery media.

Amsco (Steris), as manufacturers of 

BIs, tested a wide range of them against 

hydrogen peroxide and suggested that 

among the most resistant a suitable 

validation model would be Geobacillus 

stearothermophilus (ATCC 7953 or ATCC 

12980, NCTC 10007). This type of BI 

was made by inoculating a suspension of 

spores onto a small saucer shaped 

stainless steel disc that was then enclosed 

in a Tyvek envelope iii. Initially Amsco 

prepared a 105 population of spores on 

the carrier and stated that the Tyvek 

barrier represented a 101 resistance 

equivalence thus totally the carrier 

represented a 106 challenge. It is believed 

that the 106 challenge was adopted as 

this was used for conventional steam 

sterilisation cycles.

Subsequent studies showed that this 

approach was erroneous and that the 

Tyvek did not represent any challenge  

at all and thus it became the norm to 

use 106 spore carriers in Tyvek.

Other carriers for the spores were 

examined and reported on iv. These 

included glass, plastic materials and 

materials used for the manufacture of 

the gloves. Variable results were cited 

using hydrogen peroxide vapour as the 

sterilising agent as it was thought that 

these carrier materials may influence 

the response to the sterilising effect. 

The variation may have been due to  

the preparation of the carrier material 

and also the density and purity of the 

spore suspension used. See comments 

on rogue BIs later.

Over the years D-values for hydrogen 

peroxide vapour concentrations have 

been cited but, as discussed by Agalloco 

and Akers v, there is no method available 

to determine the D-value under a state 

of fixed parameters comparable with  

a Bier vessel for steam sterilisation 

D-values. In vaporising hydrogen peroxide 

there develops a melange of air, water 

vapour and hydrogen peroxide vapour 

that is usually changing over time.  

The changes are under the influence  

of temperature, humidity and the 

concentration of hydrogen peroxide  

so that it is difficult to fix an exact value 

for these various parameters.

Many tests have been made by 

exposing multiple BIs inside the isolator 

and removing them at timed intervals  

in order to determine a D-value. This  

is known as the Limited Spearman 

Karber Method.

In many cases the measured gas 

concentration of peroxide is in excess  

of 1 mg/Litre (720 parts per million)  

and is usually regarded as an overkill 

concentration. That value only exists for 

that particular time and environmental 

conditions and there is no guarantee that 

the next day or week the circumstances 

will be exactly the same. Agalloco et al 

also mention the desirability of attaining 

a state inside the isolator where 

micro-condensation can take place,  

as it is suggested that there would then 

be a very high concentration of peroxide 

developing on surfaces (around 70%) 

which results in rapid and effective 

sterilisation. They also suggest using  

BIs with a lower population count of 

circa 104 as an example. The reason for 

this comment is based on two factors:

1. In a cleaned isolator the challenge  

to the sterilisation cycle would be 

extremely low. The author of this 

paper found, over the years, that  

in a properly cleaned isolator, the 
Image 1: G. stearothermophilus spores 
encased in thick media components on  
a commercially available BI

Image 2: Uneven surface finish of carrier 
disc causing formation of spore aggregates 
on a commercially available BI

Image 5: Even distribution of clean  
G. stearothermophilus spores across  
a stainless steel carrier disc

Image 4: Areas of dense and uneven 
microbial load (several layers thick)  
on a commercially available BI

Image 3: Areas of dense microbial load  
on a commercially available BI

Figure 3: Images of various defective BIs, courtesy of Bioquell (these images are not of Bioquell products)
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environmental air and surface  

counts were always <10 cfu/ft3 or  

<10 cfu/25cm2 respectively and the 

organisms identified were very 

susceptible to peracetic acid, hydrogen 

peroxide and chlorine dioxide. In 

many cases the actual count was 

extremely low. Any spore bearing 

isolates, and these were few, were 

fungal in origin and again very 

susceptible to the sterilising agents.

2. In the late 1980s and early 1990s 

there appeared a number of BIs on 

the market dedicated to use with 

hydrogen peroxide. Many users 

found inexplicable results with many 

positive growth events occurring 

when none was expected. A group  

in the UK in the 1990s started to 

investigate the problem and found, 

using scanning electron microscopy, 

that many of the BIs offered were 

substandard by way of the presence 

of gross organic matter (media), 

actual vegetative examples of the 

spore source used and the piling up 

of spores in clumps or layers that 

defied penetration of the sterilant 

vapour. The stainless steel carriers 

were also found in some cases to be 

scratched and allowed spores to 

build up in the scratches. The images 

in Figure 3 illustrate these problems.

These findings led to a plea to the 

manufacturers to improve their  

quality and from this there emerged BI 

manufacturers with a good reputation 

for reproducibility and quality such as 

Bioquell with their HPV-BI. A number 

of these manufacturers have now been 

brought into Mesa Labs, Inc. in the USA.

Nevertheless a lot of effort was made 

to account for the rogue BIs that may be 

Figure 4: Guided Wave’s bench top Model 412 Fiber Optic Spectrometer

Figure 5: Dräger Polytron 7000 gas detector, copyright Dräger 2015

Figure 6: Dräger Sensor® H
2
O

2
LC for  

Dräger Polytron 7000 gas detector,  
copyright Dräger 2015
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present in a batch. Much elaborate testing 

was done to determine if a batch or lot 

would be acceptable and a theory evolved 

to allow for a certain number of positive 

growth BIs in a sterilisation cycle vi. 

Furthermore, based upon this theory,  

it has been suggested that cycle 

development should be carried to using 

three BIs per site in the isolator.

Prior to the problems encountered 

with BIs used for hydrogen peroxide 

decontamination the acceptance criteria 

was that all BIs placed in the isolator 

would be rendered sterile and this was 

the norm for regulators. Today it appears 

that under the new regime of using 

multiple BIs at each test point a number 

of positive growth samples would  

be permitted.

Now there are also theories with 

regard to allowing a cycle to reach as 

close to condensation as possible so that 

a very low level of hydrogen peroxide 

concentration (circa 250 to 350 ppm) 

would be very effective, especially if 

using a low challenge of a BI population 

such as 104 which may remove many  

of the rogue BI issues. This may be  

an aspect worth pursuing as this 

phenomenon was found by the author 

in the late 1980s with surprising but 

gratifying results.

6. Instruments for measuring  

gassing agents

In the early period of peracetic acid 

sterilisation the only method available 

to measure gas concentration was to 

withdraw a large volume of the air  

in the isolator (100 to 200 ml volume) 

and inject it into water and perform a 

titration. This method is obviously full 

of potential errors but it gave a rough 

indication of the concentration of 

peracetic acid in the isolator.

With the introduction of hydrogen 

peroxide a number of instruments  

were tested and the most accurate 

device was found to be an infra-red 

spectrophotometer. This device  

had the additional advantage of  

also measuring the concentration  

of water vapour present.

The unit consisted of a 

spectrophotometer with fibre optic 

cables for positioning a light path unit 

inside the isolator. Whilst the device 

was accurate to 0.1 mg/l peroxide, the 

light path unit could not be moved 

during the cycle so that measurements 

from various sites within the isolator 

meant repeat cycles. The fibre optic 

cables were also subject to inadvertent 

damage. An important aspect of this 

device is that it can be calibrated at the 

start of each cycle. 

Other options focused on electro-

chemical method devices marketed by 

Dräger, Bioquell and ATI. The early 

models were calibrated against sulphur 

dioxide but recent models are now 

calibrated against hydrogen peroxide.

Dräger offers an electrochemical 

sensing device with direct readout (see 

Figure 5) and peroxide sensor heads 

with ranges of 0-1ppm up to 300 ppm 

(LC) and 0-1,000ppm up to 7,000 ppm 

(HC). The LC sensor head (see Figure 6) 

has a default of 5 ppm and the HC 

sensor head 4,000 ppm. Many isolator 

systems now have this type of unit built 

in and by using a small vacuum pump 

vapour from inside the isolator can be 

drawn over the sensor head. Readings 

can be sent direct to the control panel  

of the isolator and also saved for  

record purposes.

ATI offer a similar unit and, when 

fitted with the low level range of peroxide 

(0-20 ppm), either the Dräger unit or  

the ATI unit can be mounted in the 

room surrounding the isolator as a guard 

against peroxide leakage into the area.

The calibration of these devices is 

usually by replacing the sensor head 

with a calibrated one and sending  

the old head back to the supplier for 

re-calibration or re-calibrating in-situ. 

The re-calibration interval depends 

largely on the frequency of use and also 

the concentration of peroxide measured.

The Guided Wave unit is expensive 

and is usually used to establish a desired 

concentration of peroxide vapour during 

cycle development.

The cost of the electro-chemical type 

of measuring unit is reasonable and, with 

the sensor mounted on a long cable to the 

recording unit, it also has the advantage 

that it can be moved around the inside 

of the isolator. The main advantage of 

the Dräger and ATI systems is that the 

cycle can be recorded each time and  

the values compared with the original 

validated and approved cycle so that  

a degree of reproducibility is possible. 

7. Aeration

Having gassed the isolator, enclosure or 

room the next stage was to remove the 

sterilising agent.

When formaldehyde was the 

sterilising agent, ammonia vapour  

was used to neutralise it and the 

air-handling system was used to  

purge the neutralised gas. This method 
Figure 7: Dräger hand operated vacuum device for gas sampling tubes, copyright Dräger 2015
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can create a difficult to remove white 

deposit of paraformaldehyde.

With the advent of peracetic acid the 

conundrum was the residual smell of 

acetic acid and many users used a low 

level of acetic acid as a marker for 

indicating that the enclosure had been 

sufficiently aerated.

There was much investigation  

into the potential effects of residual 

acetic acid in sterility testing and  

the manufacture of aseptically filled 

product but it was found that the  

effect was negligible.

In using hydrogen peroxide, the 

hydrogen peroxide acceptance level for 

aeration was 1 ppm. Again there were 

instances of much testing of product 

and of sterility tests when reaching a 

level of 10 ppm as it appeared to take  

a very long time to reach 1 ppm or  

even lower without the use of catalytic 

converters in the air handling system.

Some mobile isolator units not 

attached to an exhaust system were 

equipped with catalysts mounted after 

the exhaust filters and these proved to 

be extremely effective for allowing the 

aeration phase to be performed in the 

room where the isolators were situated. 

No peroxide was detected in the room 

and the aeration phase was of a reasonable 

time (45 minutes) for processing purposes.

Dräger’s gas sampling tubes for 

hydrogen peroxide are often used to 

spot test atmospheres for the presence 

of hydrogen peroxide. The tubes are 

used in conjunction with Dräger’s hand 

operated vacuum device (see Figure 7). 

To use the Dräger sampling system, 

the ends of the tube are removed and 

the non-calibrated end is inserted into 

the hand operated vacuum pump device. 

The open end of the tube is inserted into 

the isolator (via a convenient dedicated 

inlet tube). The hand device is pumped 

20 times (equal to 1 litre volume). The 

peroxide is drawn over the chemicals  

in the tube (it is based on an iodine/

iodide reaction) and the brown colour 

that develops is read against the 

graduations that are marked 0 to 3 ppm. 

The air drawn into the tube has to have 

a moderate degree of relative humidity 

for the reaction to take place. Dry air 

leads to a yellow colour. Dräger can also 

supply an electrically operated pump,  

the Dräger X-act® 5000, which is an 

automatic version of the handheld pump.

The problem of using electro-chemical 

sensor devices for this purpose was  

that the high sensitivity unit would  

be overloaded if exposed to the high 

concentrations of a normal peroxide 

gassing cycle and give erroneous 

readings. 

Some safety concerns have been 

expressed for workers in isolator rooms 

being exposed to peroxide vapour and  

a limit of 0.5 to 1ppm per time weighted 

average has been adopted and the 

devices described can be used for this 

purpose too.

Due to the sensitivity of certain 

products, aeration acceptance criteria 

could be as low as 0.1 ppm peroxide 

vapour and in this case other forms  

of instrumentation are required. The 

Picarro hydrogen peroxide sensor has 

been found to be useful for developing 

aeration times requiring an acceptance 

criteria of <0.1 ppm.

8. GMP issues and the regulators

There are various Regulatory Authorities 

and their comments with regard to GMP 

that affect the design and use of isolators.

1. In the EU GMP Guide isolators are 

referenced in Annex 1 vii.

2. PIC/S has references to isolators  

in their inspectorate guidelines. 

3. FDA Aseptic Filling guidance also 

includes sections on isolators ix.

4. There is no specific reference  

to isolators in the European 

Pharmacopeia although a reference 

is made in the biological indicator 

section in Chapter 5 x. 

5. World Health Organisation (WHO) 

has no GMP documentation for 

isolators but there is reference to 

using them for sterility testing in 

their guide for pharmaceutical 

microbiology laboratories. There is  

a reference to barrier technology in 

their quality assurance manual xi, xii. 
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