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1 INTRODUCTION 

1.1.1 Wardell Armstrong have been appointed to prepare an environmental permit 

application for Oxford Biomedica PLC for the production of pharmaceuticals, including 

gene therapies and a COVID-19 vaccine. This report provides a Technical Description 

of the operations on site. The installation is located within Oxford Business Park in 

Cowley, Oxford. 

1.1.2 Pharmaceutical products are covered by the Best Available Techniques Guidance for 

fine organic chemicals1.  The guidance has been followed wherever relevant, though 

in this case the process is largely a biological one, rather than a chemical one.  In 

summary cells are provided with water, air/oxygen and nutrients and grown in 

bioreactors.  When a sufficient number of cells is present, a small quantity of a 

modified virus is introduced and allowed to reproduce.  When viral numbers are 

sufficient, the process is stopped and the desired active treatment is separated from 

the mix and frozen ready for distribution. 

1.1.3 Section 2 of the report provides the detail of vaccine production, while section 3 

describes the measures in place to ensure sterile conditions and section 4 identifies 

where the environmental risks may arise and describes the measures in place to 

address those risks.  Section 5 gives a brief overview of the key management systems 

in place to minimise any risks. 

 

 

2 SITE OPERTIONS 

2.1 Introduction 

2.1.1 The installation will produce a range of gene therapies and a COVID-19 vaccine within 

four processing suites present within the building. In each case the production process 

is very similar. 

2.1.2 Each of the four processing suites is fully equipped and has its own air extraction and 

filtration system, allowing each to operate individually and for one suite to be shut 

down and sterilised whilst the others continue to operate safely. 

 

1 European Commission, Reference Document on Best Available Techniques for the Manufacture of Organic 

Fine Chemicals, August 2006 
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2.1.3 The process for vaccine production is described below.   

 

2.2 Cell Build 

2.2.1 The first stage is the cell build.  The media is prepared in a flask and brought to the 

correct pH and temperature. A small number of cells are collected from the freezer 

and allowed to thaw using a heat block.  The cells are introduced into the media in the 

flask using a pipette and a sample is taken post seeding, to check on cell concentration 

and viability using an automated cell counter. 

2.2.2 The flask is placed in a shaker incubator.  This maintains the flask at the optimum 

temperature of around 37oC, whilst the shaking action allows good transfer of oxygen 

from the air into the culture.  During incubation the temperature, shaker speed and 

carbon dioxide concentration are carefully controlled to optimise conditions for cell 

growth. 

2.2.3 At each stage the timescales, temperature, shaker speed and quantities of media and 

cells are controlled within set points which are stipulated in the Standard Operating 

Procedure which is in place. 

2.2.4 Samples are taken at set points in the process allowing the concentration and viability 

of cells to be checked using an automated cell counter and confirm that cell growth is 

progressing as expected and that the suspension it ready to move to the next stage of 

the process.  The number of stages, the target cell concentration, the temperature 

and shaker speed are all clearly set out in the Operating Procedure. 

2.2.5 The suspension from stage 1 is used to seed a larger flask and the mixture is gradually 

grown and transferred to larger and larger flasks until four flasks, each containing 

850ml of material are present.   

2.2.6 At this stage the growth media is transferred to the 50l bioreactor via a peristaltic 

pump.  The bioreactor control system is used to adjust the media to the correct 

temperature, pH and dissolved oxygen content prior to introduction of the cells.  

Dissolved oxygen and pH probes are used to monitor these parameters. 

2.2.7 The required weight of cells can then be added to the reactor, again using a peristaltic 

pump. 

2.2.8 The bioreactor control software will automatically adjust the pH, temperature, 

dissolved oxygen and agitation to maintain optimum conditions for cell growth. The 



OXFORD BIO-MEDICA PLC 
APPLICATION FOR AN ENVIRONMENTAL PERMIT 
TECHNICAL DESCRIPTION 
  

 

 

ST18804 
October 2021 

V1.0 Page 3 

  

pH meter will be checked and recalibrated daily, if needed, to provide the most 

accurate data to the control system.  Daily samples will be taken to determine the 

viable cell concentration. 

2.2.9 At the end of the defined cell growth period a final sample is taken and the volume of 

culture needed to seed the 200l bioreactor is confirmed.  This is moved the 200l 

bioreactor via a peristaltic pump. 

2.2.10 The 200l bioreactor is similarly automatically controlled via a software system to 

control the temperature, dissolved oxygen, pH and impeller in order to optimise cell 

growth.  Antifoam and sodium carbonate will be added as required to maintain 

suitable conditions. 

2.2.11 After approximately four days in the 200l reactor the suspension will be ready for 

transfer to the final 1,000l bioreactor. 

 

2.3 Virus Production 

2.3.1 The required quantity of cell suspension is introduced into the reactor and the 

temperature, pH and dissolved oxygen are brought to the set point set out in the 

Operating Procedure.  The required quantity of cell suspension is transferred from the 

200l bioreactor using a peristaltic pump.  The volume of virus required is calculated 

and the correct number of virus vials are taken from the freezer and thawed in a 

temperature- controlled incubator. The working virus seed (WVS) is diluted and 

introduced into the bioreactor around a day after the cells are introduced. 

2.3.2 The virus invades the cells and reproduces.  This process is allowed to continue for a 

set length of time, with feed added at set intervals, which provides nutrients to allow 

the viral population to increase to the desired level.  After 4 days the temperature of 

the reactor is reduced from 37oC to 33oC to stabilise the virus. 

 

2.4 Lysis 

2.4.1 After a further period of time detergent is introduced to induce lysis of the cells.  This 

breaks down the cell membranes allowing the virus to be released into the suspension. 

2.4.2 The lysis buffer is prepared and the tube of buffer is attached to the reactor.  The gas 

supply and pH control loops and switched off and the buffer is pumped into the 

reactor. 
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2.4.3 After a period of a few minutes, benzonase, a non-hazardous chemical which degrades 

long stranded DNA, is introduced into the reactor.   

2.4.4 The suspension is mixed within the reactor following the written procedures 

governing the temperature, timescales, makeup of the buffer and quantity of buffer 

and benzonase, preparing the suspension for clarification. 

 

2.5 Clarification 

2.5.1 Cell debris and larger particles are removed by a series of filters.  The first stage of 

filtration is a depth filter.  The filter is prepared by being rinsed with purified water 

and then buffer to wet the filter membrane and remove air. 

2.5.2 Following the written procedure, the temperature control in the bioreactor is 

switched off and the pump is ramped up to transfer the suspension to the filter.  

Before the level of the fluid in the reactor drops to the impeller, the agitator is also 

switched off.  At the end of the fixed flow rate period the flow is ramped down to 

avoid entraining any air in the system. 

2.5.3 Following this filter step the filter is flushed with a fixed volume of buffer solution. 

2.5.4 The second stage of clarification is anion exchange chromatography (AEX).  This 

method of separation relies on the slight negative charge on the external surface of 

many protein molecules.   

2.5.5 The dilution buffer is prepared and the cartridge is sanitised.  The suspension is then 

passed through the cartridge and the negatively charged proteins are trapped by the 

positively charged resin within the cartridge. This is known as the bind mode. 

2.5.6 Following the bind mode, the dilution buffer is used to for the elute mode.  The pH 

may be adjusted and salt water is used for the elution stage.  During thus stage, 

negatively charged chloride ions from the salt replace the protein on the resins, 

allowing the proteins to be washed out.   

2.5.7 Following elution a salt strip takes place, preparing the column for reuse. 

2.5.8 This cycle is repeated seven times to separate proteins from the suspension. 

2.5.9 The third stage of filtration is a Tangential Flow Filtration (TFF).  The TFF cassette is 

flushed with purified water and a pressure hold test is performed. 
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2.5.10 To sanitise the cassette it is flushed with purified water and sodium hydroxide 

solution. The membrane is then primed and conditioned with TFF diafiltration 

formulation buffer. 

2.5.11 TFF allows the suspension to travel across the filter membrane tangentially.  The 

system is maintained under pressure so that the desired particles are forced through 

the membrane and can be collected.  The larger particles are washed along in the flow, 

preventing blinding of the filter. 

2.5.12 This process allows the product to be concentrated whilst further impurities are 

removed. 

2.5.13 The product is collected and polysorbate 80 is added to the formulation as an 

emulsifier, ensuring consistency of concentration throughout the suspension. 

2.5.14 As a final step the product is passed through a further 0.2µm filter to remove residual 

biological material.  The filter is primed with buffer solution and the product is fed 

through the filter by the action of a peristaltic pump.  The pump is ramped up and 

ramped down to prevent entraining any air in the product. 

2.5.15 Following each batch, the vats are cleaned using a strong solution of sodium hydroxide 

to destroy any remaining cells or viruses.  The sodium hydroxide is collected in drums 

which are stored inside the building prior to being transferred to a tanker and removed 

for hazardous waste treatment. 

 

2.6 Aliquoting  

2.6.1 The suspension containing the active therapy may be collected in 20 litre plastic bags 

and sent for freezing. Alternatively, the suspension may be aliquoted to provide 

portions suitable for individual treatments prior to freezing. 

2.6.2 At the current time vaccine is sampled for release testing and then the required 

quantity by weight is pumped into a bag, resting in its shipping container, and the bag 

is welded closed. 

2.6.3 The shipping containers are transferred to storage and within a specified time will be 

transferred for temperature controlled freezing, down to -80oC.   The product is then 

transferred to storage in the -80oC freezer.  When required the bags are transferred 

to another site, ready for thawing and transferring into individual vials ready for use. 
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2.6.4 Plans are in place for an automatically controlled aliquoting system which will allow 

the product to be place directly into the individual vials.  This will remove a freeze and 

thaw step from the process between production and administration to patients. Such 

aliquoting would take place within an enclosed system, preventing any emissions. 

 

2.7 Multi-product protocol 

2.7.1 Sections 2.1 to 2.6 of this report describe the steps in the production of a COVID-19 

vaccine under licence to AstraZeneca.   

2.7.2 A number of other products will also be produced on site.  Oxford Biomedica have 

developed or are developing a number of gene therapies, with products used to 

combat leukaemia and other cancers, Parkinson’s disease and cystic fibrosis, among 

other conditions. 

2.7.3 In each case the therapy would be delivered via a modified virus or other suitable 

biological vector and the production process will be very similar to that described 

above, with growth of the viral population, followed by clarification of the biological 

suspension to recover the active product. 

2.7.4 For each product written procedures will be available describing the process, 

necessary monitoring and sampling, tolerances and control points. 

2.7.5 The type and quantity of chemicals used will be similar in each case and the risk to the 

environment is unlikely to change, with the main risks being potential release of 

micro-organisms and the hazardous nature of the chemicals used for disinfection. 

These risks will be managed in line with mitigation measures set out below. 

 

 

3 MAINTAINING STERILE CONDITIONS 

3.1.1 It is clearly of great importance that the process is carried out under sterile conditions. 

To facilitate this the following procedures are in place. 

3.1.2 There is regular cleaning using alpha and beta disinfectants.  These disinfectants are 

non-hazardous and are used on a daily basis to ensure all work surfaces in the 

production suites are cleaned down.  More comprehensive cleaning is carried out 

weekly, ensuring surfaces such as walls are cleaned. 
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3.1.3 The bioreactors are flushed with sodium hydroxide solution following production of 

each batch.  This removes any residual bacteria or virus but produces a hazardous 

waste.  Wastewater is the main waste from the process. 

3.1.4 To minimise the transfer of viruses or bacteria there is a one-way system through the 

production suites.  PPE is donned in the central change, before entering the 

production suites via the one-way system.  Staff exit the suites via a decontamination 

area.  Disposable PPE which may have come into contact with infectious material, 

including overshoes, gloves and outer hairnets, is placed into yellow bags and will be 

sent for high temperature incineration.  Other PPE may be placed into tiger bags and 

will be sent for incineration. 

3.1.5 Many of the items used within the production suites are single use plastics, due to the 

need to maintain a high level of cleanliness.  Following use these will be disinfected 

with sodium hydroxide solution and placed into yellow clinical waste bags. Rigid 

yellow boxes are provided for materials that may be sharp, such as pipettes and 

syringes. 

3.1.6 Each production suite is provided with its own air handling system.  The extraction 

system is designed to provide negative pressure at the entrance to the suites so that 

air is drawn into the suite rather than escaping when the doors are opened.  The 

extraction system directs air via a panel and bag filter and then through a HEPA filter, 

to trap any micro-organisms that may be present, before returning clean air to the 

production suite.  Around 80% of air is recycled in normal operation. 

3.1.7 Once a month the suites are sterilised by releasing vapourised hydrogen peroxide into 

the suite.  This destroys any residual micro-organisms.  During the sterilisation process 

the air extraction system is configured so that air is discharged to atmosphere via the 

external vents. 

 

 

4 MANAGEMENT OF ENVIRONMENTAL IMPACT 

4.1 Introduction 

4.1.1 There are no point source emissions from the process itself, though, without proper 

management, there is potential for fugitive emissions.  Some air from the ventilation 

system is emitted to atmosphere. 
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4.1.2 There are a number of raw materials and waste products used on site which require 

proper management in order to prevent any environmental impacts.  These include 

the risk of fire as well as potential risks to the water environment. 

4.1.3 The following paragraphs identify the major risk items and describe how these risks 

are addressed. 

 

4.2 Point Source Emissions to Air, Water and Land 

4.2.1 There are no direct emissions to air from the process itself.  Emissions to air are only 

from the building ventilation system. A series of filters are in place to prevent any 

micro-organisms being released into the atmosphere through this system. 

4.2.2 There is an emission of vapourised hydrogen peroxide from the ventilation vents 

during monthly sterilisation. The impact of this has been modelled using ADMS and 

the results showed that predicted environmental concentrations were well within the 

workplace exposure limits (WELs).  Workplace exposure limits were used in the 

absence of any statutory air quality standard or other recognised environmental 

quality standard (EQS) for hydrogen peroxide. 

4.2.3 There are no direct emissions to water from the process.  All process water is collected 

in the external wastewater tank and is collected by a contractor for hazardous waste 

treatment. 

4.2.4 There are no direct emissions to land from the process.  All waste products are taken 

off site for appropriate treatment at a permitted site. 

 

4.3 Oxygen Storage 

4.3.1 Oxygen and air/oxygen mix are used on site to provide oxygen to the growing cells.  In 

the initial stages of production enough oxygen can be provided by agitation of the 

flasks, allowing oxygen to be transferred from the atmosphere. However, there is a 

limit to this method and it is not effective for larger production units. 

4.3.2 The bioreactors are each equipped to add oxygen to the process via a controlled 

system to provide sufficient oxygen to the growing cells. 

4.3.3 Oxygen is stored externally to the building in two large tanks. The tanks are located 

away from the building, away from the site boundary and in a secure fenced area.  The 
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tanks are located on tarmac hard standing and the area is kept free of weeds, litter 

and other combustible materials. 

4.3.4 Inside the building an oxygen leak would be a fire risk, with the potential to contribute 

to the intensity and rapid spread of any fire. The location of the main storage tanks 

outside the building means that, should a leak occur, oxygen will quickly disperse into 

the atmosphere and the risk is minimised.  Nevertheless, the tanks will be subject to 

regular inspection and will be maintained in a good state of repair. 

4.3.5 All pipework and delivery systems will likewise be inspected on a regular basis and 

maintained in good working order. 

4.3.6 For the same reasons, air/oxygen cylinders are store in a secure caged area adjacent 

to the oxygen tanks. 

4.3.7 Oxygen is consumed in the process, through respiration of the micro-organisms and 

does not become a waste product. 

 

4.4 Hydrogen Peroxide Storage 

4.4.1 Hydrogen peroxide (H2O2) is a strong oxidising agent and is highly reactive, it is this 

that makes it effective as a disinfectant.  However, under certain conditions it can 

break down rapidly into oxygen and water, which could cause an increase in intensity 

of a fire, a dangerous increase in gas pressure inside containers or the potential for 

explosive reactions with other chemicals.  It is therefore important that hydrogen 

peroxide is stored correctly. 

4.4.2 Specialist stores are provided for hydrogen peroxide on site.  These secure stores are 

located outside the building away from any combustible materials and away from the 

site boundary.  Each store is fully secure and provides vented storage with an integral 

bund which will contain any spillage.  The bund will hold 25% of the contents of all the 

hydrogen peroxide containers within the store. Hydrogen peroxide is held in 2.5l 

bottles.  No more than 60l of hydrogen peroxide will be stored on site at any one time. 

4.4.3 Some hydrogen peroxide is lost to atmosphere during the monthly sterilisation 

process via the external vents for the ventilation system.   It is likely this will 

breakdown relatively quickly to oxygen and water.  Air Quality Modelling has been 

completed to demonstrate that the vapourised hydrogen peroxide will not impact on 

local residents. 
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4.4.4 Some liquid hydrogen peroxide waste is also formed following use as a disinfectant.  

This material will be placed in a suitable bottle and will be stored in the same way as 

fresh hydrogen peroxide awaiting use, in the specially constructed stores. 

 

4.5 Sodium hydroxide Storage 

4.5.1 Sodium hydroxide is used in 1m and 0.5M solutions and is used to sanitise equipment. 

4.5.2 Sodium hydroxide has a high pH and is corrosive and must therefore be handled 

correctly. Sodium hydroxide solution will be stored in 200l drums in the caustics store.  

This store is fully bunded to contain at least 25% of the contents of all the drums within 

the store. 

4.5.3 Following use to flush equipment, the sodium hydroxide solution is collected in 200l 

drums and moved to the waste store inside the building. This store has impermeable 

flooring. From here it is pumped to the double skinned tanker outside the building 

awaiting collection. 

4.5.4 Plans are in place to construct a new bunded tank for wastewater. The tank will be of 

50,000l capacity and will be constructed of appropriate material able to withstand the 

corrosive nature of the waste material.  The bund will be sized to hold 55,000l of liquid, 

that is 110% of the capacity of the tank. Tanker fill points will be located within the 

bund. 

4.5.5 A level indicator will be provided and the remaining capacity within the tank will be 

checked before further wastewater is introduced, to guard against overfilling. 

4.5.6 Drums tanks and bunds will be inspected on a daily basis to ensure there are no visible 

leaks and that the capacity of the bund is not compromised by rainwater. Any issues 

will be immediately reported to the Safety, Health and Environment (SHE) Manager 

who will assess the situation and arrange for appropriate maintenance or repairs.  

Where necessary, equipment will be taken out of use until effective repairs are made 

by a competent person. 

 

4.6 Infectious Material 

4.6.1 Because live bacteria, fungi and viruses are used on site some wastes have the 

potential to be infectious.  To control this risk the following measures are in place. 
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4.6.2 Each production suite has its own stand-alone air management system.  This is 

designed to provide negative pressure at critical points and so prevent any emissions 

via doorways.  Air is drawn through a series of filters including a medical grade HEPA 

filter to trap any micro-organisms that may have become airborne. 

4.6.3 There are a series of filters so that should one filter fail the others will still operate.  

The HEPA filters are subject to annual pressure testing in low-risk areas and six 

monthly testing in higher risk areas, to ensure that there are no holes or other issues. 

Any damaged filters will be replaced as soon as possible. 

4.6.4 80% of air managed through the filter system is recirculated back into the production 

suites, with only 20% emitted via the buildings external vents, other than during the 

monthly sterilisation when all emissions should be fully sterilised. 

4.6.5 A visual traffic light system within the production suite indicates the performance of 

the ventilation system.  Should it not be functioning correctly or if high levels of 

particulate are detected an audible alarm will sound. 

4.6.6 In the early stages of the cell build the suspension is held in flasks and will be 

transferred by pipette.  The flasks are shaped to minimise spills or other losses.  Once 

there is sufficient material to move from the largest flask to the 50l bioreactor all 

transfers take place using a peristaltic pump.  The bioreactors are fully sealed, with 

oxygen and/or air being introduced via pipes by the computer-controlled system.  The 

process is therefore fully sealed from the atmosphere during virus production. 

4.6.7 Other than in the early stages of the process, where very small quantities of material 

are present, transfer of products and waste is carried out via peristaltic pumps via 

sealed pipes into enclosed containers.  

4.6.8 Staff must follow strict protocols, following the one-way system through the 

production suite, appropriate PPE including gloves, mob caps, overalls, shoes and 

masks are used and again protocols must be followed so that PPE is relevant to the 

level required for that part of the process and transfer of microbes from one area to 

another is minimised. 

4.6.9 Staff leave the production suite via the decontamination area, where PPE will be 

placed into yellow bags.   

4.6.10 All materials used inside the production suites and that may therefore be 

contaminated with micro-organisms, is place directly into yellow bags inside the 
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production suite.  Waste is removed in closed bags and transferred to rigid yellow bins, 

pending collection for high temperature incineration. 

4.6.11 Measures are therefore in place to minimise the potential for infectious material to 

escape from the building. 

 

4.7 Other chemicals used on site 

4.7.1 Other chemicals used on site are held in small quantities and in general have no 

hazardous properties, though some components of buffer solutions may act as mild 

skin and eye irritants.  These include buffer solutions, nutrients and salt used in AEX 

elution.  The maximum quantity of any of these chemicals that might be stored on site 

at any one time is 3,400l held in 200l drums. 

4.7.2 Such chemicals are stored on dollies inside the warehouse.  This area is not bunded 

but, in the event of a leak, liquid would be contained within the building by the 

impermeable flooring.  1,000l spill kits are available in the warehouse, so that any 

spillage would be collected and disposed of in an appropriate manner. 

4.7.3 Following use in the process these chemicals will be incorporated into the wastewater. 

4.7.4 Carbon dioxide is used in the initial cell build, to provide the optimum conditions for 

cell growth and assist in buffering the pH.  Liquid nitrogen may also be used on site for 

cooling, which carries with it the risk of freeze burns.  Both gases would be held in 

cylinders and so carry the potential risks of gas in pressurised containers. 

4.7.5 Nitrogen and carbon-dioxide cylinders will be stored upright in a designated area 

where they are protected from accidental damage.  When not in immediate use, the 

valve will be closed and the valve protector kept in place.  Gas bottles will be kept in a 

well-ventilated area, with sufficient air changes to prevent a build-up asphyxiant gas 

in the event of a leak. An external caged storage area is provided for storage of gas 

cylinders.   

4.7.6 All gas handling systems have been subject to HazOp assessment and cylinders, valves 

and pipework will be subject to regular checks.to ensure that they are fit for purpose. 

4.7.7 Some disinfectants carry with them the potential of harm to the aquatic environment. 

Such disinfectants are generally held in small bottles (maximum size 2.5l) and are 

stored inside the building.  Others are supplied as impregnated wipes or mops.  

Following use wipes and mops will be placed in the yellow bag or tiger bag waste 
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stream (depending on whether they are used in one of the process suites or in a lower 

risk area) and will be sent of site for incineration. 

4.7.8 As disinfectant is held in impregnated wipes or small bottles it is very unlikely that any 

significant quantity could be released to the environment. 

4.7.9 Gram staining is carried out for some procedures on site, allowing identification of 

bacteria.  The chemicals used in this process may be harmful to aquatic life, irritants 

or flammable. However, the risk from use of these materials is minimal due to the very 

small quantities that are used.  It is unlikely that there would be more than 250µg of 

each of the four reagents on site at any one time.  After being used to stain bacterial 

samples these reagents would be disposed of within the yellow bag clinical waste 

stream. 

 

 

5 MANAGEMENT 

5.1.1 The site will be operated in accordance with an Environmental Management System 

(EMS) with written standard operating procedures in place to manage all activities.  All 

staff will receive appropriate training.  

5.1.2 An inspection and maintenance regime will be in place for all plant, equipment and 

site infrastructure to ensure that it remains fit for purpose and continues to operate 

as intended to protect the environment. 

5.1.3 Written records will be maintained to demonstrate that the EMS has been followed 

and any issues arising have been addressed.  

 

 



 

  

 


