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Basement
Storage

1st Floor
Active  Pharmaceutical  
Ingredients (API)

3rd Floor
Fill and Finish
(F&F)

Shipping

Receiving – Loading 
area
Production materials
enter  the building
through
the loading area 
in the  basement

Warehouse
Cold Storage / 
Quarantine  
Production materials 
are  stored in the 
warehouse, cold 
storage and
quarantine  facilities

Sampling & Dispensary
Production materials are sampled for QC testing 
before being  released for use. Some materials are 
then dispensed to provide  production with the 
precise quantity of materials needed for a batch.

UpstreamDownstrea
m

Compounding Area 
Vial
The mixing of buffer 
and  drug substance
together

Vial Filling
Dispensing sterile 
product  into vials with 
an optional  nitrogen 
overlay, sealing the  vial 
with a stopper and cap

Vial Coding
Printing of a unique
batch  number onto 
the cap of  the vial

Vial Cold Storage
Batch of filled drug 
product  vials stored at 
2–8 C prior to  
inspection

Sterile Filtration
Product passed 
through a
0.2 micron filter to 
remove  all microbial
contamination

Compounding Area 
Syringe
The mixing of buffer 
and  drug substance
together

Syringe Filling
The sterile filling of 1 
ml  syringes and 
addition of a  plunger 
with an optional  
nitrogen overlay

Syringe Cold Storage  
Batch of filled drug
product  syringes 
stored at 2–8 C  prior 
to transit

Sterile Filtration
Product passed 
through a
0.2 micron filter to 
remove  all microbial
contamination

Syringe Line 
Inspection &  Labelling
Semi–automation
detection
and removal of filled
syringes  with visible 
defects and  application 
of a plunger rod  and
label

In Process Control 
(IPC) – Inoculum Prep
Thaw 1 ml vial from cell 
bank  and start cell 
culture in shake  flask 
to multiply and
increase  volume to 
400 ml

Media Prep
Preparation 
mammalian cell  
culture growth
medium

Fermentation Area
Further scale up to 250
/500L  in bioreactor. 
Production and  
harvest of biosimilars 
from  1000/2000L
bioreactor

Trolley Wash and 
Buffer  Storage
Storage of solutions 
and  equipment 
required for  
downstream
purification

DSP 1
Protein affinity
purification  and viral
inactivation

DSP 2
Cation and anion
exchange  purification, 
viral filtration

DSP 3
Ultrafiltration/
diafiltration  and final
formulation

Buffer Preparation  
Preparation of 
solutions  required for
downstream  
purification

Weighing
Preparation of 
excipients  to be used 
to stabilise  product. 
Takes place under  
laminar flow to 
minimize  risk of
contamination

Manual Inspection
Manual detection and  
removal of filled vials
which  have visible 
defects using a 
minimum light source
of  2000 lux

Transit Packing
Released vials and
syringes  placed in 
intermediate  packing 
ready for shipping

Quality Control
Carries out and  
documents quality  
control testing of  
developmental and  
commercial biologics
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› Large volumes of purified water used

› Delicate macromolecules sensitive to temperature and environment

› Produced by biological processes sensitive to contaminants

› Products intended for injection – sterility essential



Membrane technology and water 
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› Pharmaceutical regulations define several grades of purified water, the most commonly 
used in industry are Purified Water (PW) and Water for Injection (WFI).

› In basic terms, PW is required for non-sterile products while for sterile products WFI is used.

› Traditional water purification included filtration, followed by distillation

› Purified Water  has for decades been produced by „cold“ techniques

› Filtration and ion exchange deionisation.

› Ion exchange with resins that needed regeneration has now been replaced with 
electrodeionisation (MT) which is can be operated continuously

› Filtration has been replaced with reverse osmosis – again membrane technology



Membrane technology and water 
purification
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› WFI was required to be prepared by distillation

› Upon review around 2000, membrane technology was found to lack robustness for 
microbiological quality. Concerns included microbial fouling (biofilms) on membranes, and 
potential membrane integrity failures.

› In 2010-2011 further review led to an acceptance of non-distillation techniques and since 2017 
WFI can be produced using membrane technologies. 

› Typical process:

› Particle filtering

› Water softening (not needed in Iceland...)

› Chlorine removal (not needed in Iceland...)

› Reverse osmosis

› Electrodeionisation

› Ultrafiltration



Product 
purification

• Traditional small molecule pharmaceutical 
active ingredients

• Prepared by synthesis or from natural 
sources

• Purified by “traditional” methods: 

• Crystallisation, distillation, phase 
transfers/extraction etc.

• Biotechnology macromolecules 

• Prepared using biological processes

• Typically in solution throughout  - not 
isolated as pure substances
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purification
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› Non-membrane purification techniques include preparative 
chromatography

› Size-exclusion, ion exchange or ligand binding

› Product purification steps where membrane filtration is used:

› Microfiltration filtration for harvest – cells retained while product passes

› Nanofiltration to retain potential viruses while allowing product to pass

› Concentration and buffer exchange: Ultrafiltration/diafiltration using 
tangential flow  

› Dilute solution of product is circulated over ultrafiltration membrane to  
concentrate product and remove smaller solutes in permeate. A suitably 
formulated product solution is added containing any desired solubilizing or 
stabilizing ingredients.
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› Cold processes – less energy use

› Cold processes – allows use on sensitive molecules

› Steady state or continuous processes – less process variability
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Thank you!


