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Introduction
Scientific principles apply throughout 
industry, even in areas which on the surface 
may appear straightforward. Companies 
such as Genzyme (a Sanofi company) 
producing biotechnical and pharmaceutical 
treatments, must ensure that these are 
delivered in a safe manner to patients. 
Many such treatments are in liquid or 
powder form and are stored in a vial. A vial 
is a small vessel, often made of glass. It is 
critically important that these vials are free 
from any microbiological contamination. In 
this lesson, we outline some of the industrial 
processes involved and also look at the IT 
systems that support these processes. 

The company have installed a second state-of-the-art production 
line into their facility in Waterford. This modern equipment will be 
used to automatically transfer the formulated drug products into 
vials for delivery to patients. In Genzyme, the process of filling 
and sealing vials is known as ‘fill and finishing’. 

This new modern production line (called ‘Line 2’) required several 
years of planning which resulted in the Validation Master Plan 
(VMP).

What is the Validation Master Plan (VMP)? 
Since all the cost and effort in manufacturing is wasted if contamination 
is introduced at the vial-filling stage, a comprehensive programme is 
needed to ensure that everything is in place to the highest specification. 
The validation master plan (VMP) does this and is an essential part of 
project management. In particular, it ensures that criteria for good 
manufacturing practice are met in accordance with US and European 
regulations. The VMP addresses all activities related to the project, 
including impact statements, design reviews, factory construction and 
standard operating procedures (SOPs). 

Some critical processes 
There are various processes involved in filling and finishing that require 
highly specialised scientific and technical equipment. These processes 
are as follows:

• depyrogenation, 

• vaporised hydrogen peroxide decontamination (VHP), 

• freeze drying and

• water purification.

We will now describe each of these critical processes.

The depyrogenation tunnel
A pyrogen is any substance that can cause a fever or a rise in the 
temperature of the body. Obviously, such substances should not be 
present in vials containing pharmaceutical products. The process of 
removing pyrogens from the vials is called ‘depyrogenation’ and is carried 

out in a special piece of 
equipment called a 
depyrogenation tunnel. 

Before entering the 
d e p y r o g e n a t i o n 
tunnel, the vials are 
washed thoroughly in 
the vial washer. The 
vials are then loaded 
into the 
depyrogenation tunnel 
using a special loading 
unit. This unit is 
sterilised using VHP 
(vaporised hydrogen 
peroxide). To ‘sterilise’ 
means to eliminate all types of microbial life (microorganisms) that 
could compromise patient safety. VHP is a gaseous form of hydrogen 
peroxide (H2O2), commonly used as a sterilant to decontaminate 
enclosed and sealed areas such as laboratory workstations, isolators 
and pass-through rooms.

How do we know when the depyrogenation process is complete?  
A standard measure is to use a biological indicator. One such indicator 
is the level of a particular common and widespread type of bacterium 
called geobacillus stearothermophilus. The target is to ensure that 
99.9999% of the bacteria are killed. 

What is freeze-drying?
The vials are then dried (dehydrated) using a 
freeze-drying technique. also known as 
lyophilisation. The dehydration process is common in many industries. It 
is typically used to preserve a perishable 
material or make the material more convenient 
for transport by reducing its weight. Freeze-
drying works by freezing the material and then 
reducing the surrounding pressure to allow the 
frozen water in the material to sublimate. 
Sublimation is the transition directly from a solid to a gas. It occurs at a 
pressure and temperature below the triple 
point, which is the point at which all three 
phases, solid, liquid and gas, exist together.

Air particles can contaminate
Another possible source of contamination is the level of particles 
(dust etc.) in the air. These are known as ‘non-viable particulates’ and 
pharmaceutical plants are subject to very stringent regulations set 
out by the EU. These regulations give the maximum number of air 
particulates allowed in a cubic metre of air in the different areas of the 
production plant. 

For example, the vials are loaded into the freeze dryer under Grade A 
conditions. This is the highest level of control and specifies a 
maximum of 3,520 particles of size 0.5 µm and 20 particles of size 5.0 
µm. Air flow is also delivered under Grade A criteria. Other operations 
can be carried out in less stringent environments. For example, it is 
possible to apply a cap to a vial and crimp it into place in a Grade C 
background environment. 
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Water must be pure
Pure water is another fundamental requirement in the production 
process. Technologies used to purify the water include reverse osmosis 
and electro-deionisation. 

If water is separated from a salt solution by a semi-permeable membrane 
then water will gradually move through the membrane and into the 
solution. If the solution is fully enclosed then the incoming water will 
build up considerable pressure, known as osmotic pressure. For 
example, the osmotic pressure of seawater is about 2.8 atmospheres. 

In general, osmosis is the passing of 
solvent from the lower concentration 
side of a semi-permeable membrane to 
the higher. Reverse osmosis (RO) is the 
movement in the opposite direction and 
requires the application of pressure to 
the high concentration side. The 
pressure applied must be higher than 
the osmotic pressure of the solution. 

Reverse osmosis was shown as a 
practical way to separate fresh water 
from sea water in the later 1950s. It has 
several advantages over traditional 
separation processes such as 
distillation, extraction, ion exchange, 
and adsorption (the adhesion of 
impurities to a surface). Reverse osmosis 
is a pressure-driven process so no 
energy-intensive phase changes or 
expensive solvents or adsorbents are 
needed. 

Electro-deionisation is a process frequently used in conjunction with RO 
to further purify the water. It utilises an electrode to ionise water 
molecules, that is to create positively or negatively charged particles 
(ions) and to separate dissolved ions (impurities) from the water. 

Enter the human
In the modern pharmaceutical industry, human contact with the product 
is severely restricted, as humans account for 80% of the contamination 
that can occur. This control is achieved by using a Restricted Access 
Barrier System (RABS). This is an installation which is used in many 
other industries where clean air is needed. The RABS provides a physical 
barrier between workers and the product. If human contact is needed, it 
is made using gloves, often secured to the barrier, and subject to the 
same rigorous decontamination treatment as other elements in the 
process.

Associated IT systems
The new facility uses advanced IT systems to monitor and control all 
processes. A special Manufacturing Execution System (MES) is designed 
to provide the right information at the right time and show the decision 
maker how the conditions on the plant floor can be optimised to improve 
production output. The MES works in real time to enable the control of 
multiple elements of the production process (e.g. inputs, personnel, 
machines and support services). A system called the Data Historian 
allows engineers to examine past events in detail with a view to designing 
efficiencies and improvements into the process for the future.

The Genzyme Ireland plant is in Waterford City in the South 
East of Ireland. Established in 2001, it is located on a 37 acre 
site. Tablet and sachet products are manufactured in the oral 
dose manufacturing facility. The fill finish facility is used for the 
aseptic filling of biologics including enzyme replacement 
therapies in the Genzyme rare disease portfolio. The filling and 
lyophilisation capacity at the site places the Waterford plant at 
the heart of the Genzyme supply chain. The packaging facility 
has sachet, vial and bottle packaging lines. An extensive range 
of product testing and release to market is performed with 
distribution to over 70 countries worldwide.

The site has invested in state of the art infrastructure and 
technology, reflecting the niche nature and high value of the 
products produced there. It also has clinical trial manufacturing 
capability. The pilot scale facility provides product development, 
technical transfer and process trouble shooting capability. The 
Quality Systems have been audited by leading regulatory 
bodies from around the world and Genzyme Ireland has an 
excellent quality and compliance track record. Operational 
excellence is a key site enabler and continuous improvement 
processes are grounded in best practice and involve those 
closest to the operations.

Genzyme has pioneered the development and delivery of 
transformative therapies for patients affected by rare and 
debilitating diseases for over thirty years. It accomplishes its 
goals through world-class research and with the compassion 
and commitment of its employees. With a focus on rare 
diseases, the company is dedicated to making a positive 
impact on the lives of the patients and families it serves. 
Genzyme’s portfolio of transformative therapies, which are 
marketed around the world, represents groundbreaking and 
life-saving advances in medicine. 

As a Sanofi company, Genzyme benefits from the  
research and resources of one of the world’s largest  
pharmaceutical companies, with a shared commitment to 
improving the lives of patients. 

Find out more about the work of Genzyme at  
www.genzyme.com

Find this and other lessons on www.sta.ie
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Syllabus References

The relevant syllabus references are:

Leaving Certificate Technology
Manufacturing processes

Junior Certificate Science
2A1: States of matter: characteristics of solids, liquids and gases

3A1: Measurement in Science

Leaving Certificate Higher Level Chemistry
3.1 States of Matter

3.2 Gas Laws

3.3 The Mole

Leaving Certificate Biology
2.2.6 Movement through Cell Membranes – Osmosis

3.3.1 Nutrition in the Flowering Plant – Osmosis

Student Activities

1. Osmosis investigation

 Potato slices immersed in concentrated salt solution will tend to 
lose their water content through osmosis and will shrivel as a 
result.  Investigate the effect of varying the shape and weight of 
slices and changing the concentration of salt.  

2. Compare the effectiveness of (some or all of) the following 
methods of sterilising small objects (e.g. used matchsticks) 

• 3% hydrogen peroxide for seven days, group 

• 3% sodium hypochlorite for seven days

• boiled in water at 100°C for 20 minutes,

• autoclaved at 121°C for 30 minutes,

• saturated salt solution for seven days

• normal saline (i.e. 0.90% w/v of NaCl) for seven days.  

3. Comment on the meaning of the following excerpt from The 
Rime of the Ancient Mariner by Coleridge. 

• Water, water everywhere 

• And all the boards did shrink

• Water, water everywhere 

• Nor any drop to drink. 

4. What is the difference between ‘disinfection’ and ‘sterilisation’?

True/False Questions

a) Freeze-drying uses the process of   sublimation. T F

b) Sublimation occurs above the triple point. T F

c) The triple point is a point on a graph plotting   
temperature and volume. T F

d) Sublimation occurs when a liquid turns to gas. T F

e) A sterilant eliminates fungal spores. T F

f) VHP decontamination uses lethal levels of H2O2 . T F

g) A H2O2 vapour level of 75 ppm is safe for humans. T F

h) In a Grade A environment the maximum level of   
particles sized 5 µm is zero. T F

i) In reverse osmosis fluid flows from the more dilute to   
the more concentrated area. T F

j) Watering plants with salty water causes them to dry out. T F

k) An ion is always negatively charged. T F

Check your answers to these questions on www.sta.ie.

Learning Outcomes

On completion of this lesson, students should be able to: 

• Explain what is meant by sublimation, freeze drying,  triple point, 
pyrogen, sterilant, osmosis, reverse osmosis, ion, deionisation, 
electrodeionisation

• Explain use of depyrogenation in vial decontamination.

• Outline the need for particulate standards and where they apply

• List the advantages of reverse osmosis  as a purification method

• Explain the purpose and application of restricted access barrier 
system (RABS).

• Describe the use of manufacturing execution system (MES) and 
data historian in modern manufacturing processes.

General Learning Points

The following points can be used to enhance the lesson content 
and to inform discussion.

• Osmosis occurs if there is a dilute solution (hypotonic) on one side 
of the semi-permeable membrane, and a more concentrated 
solution (hypertonic) on the other.  

• Some properties of solutions depend upon the ratio of the number 
of solute particles to the number of solvent molecules in a solution. 
These properties include lowering of  vapour pressure, elevation of 
boiling point, depression of freezing point and osmosis. 

• The mole is one of the seven SI fundamental units (the other six are 
the meter, kilogram, second, ampere, kelvin and candela).  
One mole is the amount of a substance that has the same number 
of particles as there are atoms in 12 grams of carbon-12,  i.e. 
6.02214179(30)×1023. A mole of oxygen is 32 grams and a mole of 
water is 18 grams.
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Did You Know?

• If you won 1 mole of euros the day you were born and spent 1 billion 
every second until you died at 90 years of age you’d still have 99.999% 
of the original amount left.

• Salted meat is preserved through osmosis.  Concentrated salt solution 
dehydrates the meat and kills bacteria by causing water to flow out of 
them.

• Kidney dialysis machines are based on the principle of osmosis.

• CO2 sublimes and this is why it is referred to as ‘dry ice’.

• The loss of snow from a snowfield during a cold spell is often caused by 
sunshine acting directly on the upper layers of the snow. In the western 
U.S., there’s a wind called the Chinook, or “snow eater,” that vaporizes 
snow before it has a chance to melt.

• Particulate standards are set out in The EU Guide to Good 
Manufacturing Practice — Manufacture of Sterile Medicinal 
Products.

Examination Questions

Leaving Certificate Biology (HL) 2013, Q. 9 (part)

When demonstrating osmosis:

For what purpose did you use Visking tubing, potato tissue or some 
similar material?

At the end of the demonstration, how did you conclude that osmosis 
had occurred?

Leaving Certificate Biology (OL) 2013, Q. 8

Which substance moves through cell membranes by osmosis?

Name one other term used in biology to describe the movement of 
substances through cell membranes.

Answer the following in relation to an activity you carried out to 
demonstrate osmosis.

(i)  In the space below, draw a labelled diagram of the apparatus 
you used in your demonstration.

(ii)  Suggest a control that you might use in this activity.

(iii)  State the result(s) of your investigation.

(iv)  Briefly explain the result(s) referred to in part (iii).

(v)  What is the purpose of a control in scientific experiments?

Leaving Certificate Biology (HL) 2011, Q. 7

(a)  In relation to the scientific method, explain each of the following.

(i) Experiment, 

(ii)  Theory. 

(b)  Scientists investigated the effect of a certain mineral on the 
growth of wheat. Use your knowledge of biology and laboratory 
procedures to answer the following questions.

(i)  Suggest a reason why the seeds used were all taken from one 
parent plant.

(ii)  The compost in which the wheat plants were grown was 
sterilised at the start of the investigation.

  Suggest a way in which the scientists may have sterilised the 
compost.  
State one reason why it was important to sterilise the compost.

(iii)  Why did the scientists divide the young wheat plants into two 
equal groups?

(iv)  During the investigation the scientists kept the two groups of 
plants under identical conditions. Why was this?

(v)  Name two conditions you think the scientists would have kept 
constant during the investigation.

(vi)  Why did the scientists repeat the investigation several times 
before publishing their results in a scientific journal?

Biographical Notes 

Amedeo Avogadro (1776 – 1856)
Avogadro was an Italian scientist most famous for his contributions to 
molecular theory, including Avogadro’s law. In tribute to him, the 
number of elementary entities (atoms, molecules, ions or other 
particles) in 1 mole of a substance, 6.022 × 1023, is known as the 
Avogadro constant.  

Avogadro’s law:  Equal volumes of different gases under the same 
conditions of temperature and pressure, have equal numbers of 
particles.

Jean-Antoine Nollet (1700 – 1770)
In the 1750’s, the French Carthusian abbot Jena-Antoine Nollet adapted 
his interest in physics, particularly electrical flow, to crude 
experimentation in biological systems.  He is credited to be the first to 
experimentally observe the phenomenon of osmosis in 1748.

Revise The Terms

Can you recall the meaning of the following terms? Revising 
terminology is a powerful aid to recall and retention.

adsorbtion, bacterium, colligative property, data historian, 
depyrogenation, electro-deionization, freeze drying,  hydrogen 
peroxide, hypertonic, hypotonic, impact assessment, isotonic, log 6 
reduction,  lyophilisation, manufacturing execution system, mole, 
osmosis, osmotic pressure, phase diagram, pyrogen, restricted access 
barrier, states of matter, sublimation, reverse osmosis, sterilant, triple 
point, vaporized hydrogen peroxide. 

Check the Glossary of terms for this lesson on www.sta.ie


