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Guide to the book
The following features can be found in this book.

Learning outcomes

Practice points

Core knowledge outcomes that you must
understand and learn. These are presented at the
start of every chapter.

Helpful tips and guidelines to help develop
professional skills during the industry placement.

Key term
Definitions to help you understand important terms.

Reflect
Tasks and questions providing an opportunity to
reflect on the knowledge learned.

Case study
Placing knowledge into a fictionalised, real-life
context. Useful to introduce problem-solving and
dilemmas.

Health and safety
Important points to ensure safety in the workplace.

Test yourself

Project practice

A knowledge consolidation feature containing short
questions and tasks to aid understanding and guide
you to think about a topic in detail.

Short scenarios and 1–3 focused activities at the end
of each chapter, reflecting one or more of the tasks
that you will need to undertake during completion of
the ESP. These support the development of the four
core skills required.

Research
Research-based activities – either stretch and
challenge activities, enabling you to go beyond
the course, or industry placement-based activities,
encouraging you to discover more about your
placement.

Assessment practice
Core content containing knowledge-based
practice questions at the end of each chapter.
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A9: Good scientific and clinical
practice

Introduction
If you bake a cake, you follow a recipe. If you strip down and rebuild an engine, you follow a workshop manual.
If you have done either of these many times before, then you may not have to keep looking at the recipe or the
manual. But if you are new to baking, then failure to follow the recipe carefully is likely to give disappointing
results – something that looks and tastes more like a pancake than a light, fluffy sponge. Not paying attention to
the workshop manual might result in a few parts left over and a reassembled engine that may never work again.
The same principles apply to our work in science and healthcare. Therefore, we have to follow proper procedures
and do our best at all times – particularly when the consequences of getting things wrong can be disastrous. This
is why we must always adhere to the standards and procedures that we call good scientific and clinical practice.

Learning outcomes
The core knowledge outcomes that you must
understand and learn:
A9.1 the principles of good practice in scientific and
clinical settings
A9.2 what an SOP is
A9.3 why it is important for everyone to follow SOPs
A9.4 how to access SOPs for a given activity
A9.5 the potential impacts of not regularly cleaning
and preparing work areas for use

A9.6 the potential impacts of not maintaining,
cleaning and servicing equipment
A9.7 why it is important to calibrate and test
equipment to ensure it is fit for use
A9.9 why it is important to order and manage stock
A9.10 the potential consequences of incorrectly
storing products, materials and equipment.
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A9.1 The principles of good
practice in scientific and clinical
settings
Whatever our work environment, whatever branch of
science or healthcare, we must aim to achieve:
u consistency
u predictability
u reproducibility
u reliability.
On top of all this, we must ensure the health, safety
and wellbeing of ourselves and others.
We can achieve these objectives in several ways, as
described in this chapter, but they all share these
common principles:
u using standard operating procedures (SOPs)
u effectively managing calibration and maintenance
of equipment and work areas
u effectively managing stock
u appropriately storing products, materials and
equipment.
The following sections will look at how all of these
contribute to good scientific and clinical practice.

A9.2 What an SOP is
A standard operating procedure or SOP is simply
a set of steps or instructions in a sequence that are
designed to standardise the approach to a process
or action, so that everyone learns to do it the same
way. SOPs can be used for everything we do in the
workplace, including:
u receiving goods, booking them into stock and
informing the accounts department that the invoice
can be paid
u cleaning a room in a healthcare facility or a
microbiology lab
u producing a batch of a pharmaceutical ingredient
u analysing that batch to make sure it meets
standards of purity, activity and safety.
Some SOPs may be just a few lines of instruction,
others will be long and complex. They will always aim
to ensure that the process or activity is done correctly
and consistently.

Research
Find one or more examples of an SOP. Ideally
these should be from your workplace, but if none is
available, an internet search for ‘SOP in healthcare’
should provide numerous examples.
Review the SOPs. Are there any common features?
Would they allow you to carry out the task without
further information? Do some of them require prior
knowledge or training, or refer to other SOPs?

A9.3 Why it is important for
everyone to follow SOPs
SOPs are created for a reason – to ensure that
processes can be followed consistently, which can be
crucial in health and science facilities. Ultimately, if
you do not follow an SOP, you might get fired from
your job, or at least disciplined. Of course, this is not
the main reason we must all follow SOPs – failure to
follow SOPs might have legal consequences in some
organisations, or someone may be injured as a result –
but it does illustrate why doing so is so important.

Maintaining health and safety
In Chapter A3 we looked at various health, safety and
environmental regulations. You will have learned the
importance of following proper procedures, especially
in areas that are tightly regulated. Part of this is to
perform a proper risk assessment. Every SOP should
include a risk assessment of the process being carried
out and the steps taken to minimise harm. Following
the SOP is essential to reduce harm to employees, the
public or the environment.

Enabling consistency of approach
The key word is ‘standard’. An SOP should ensure
that a process or procedure is always carried out in the
same way. The outcome should be predictable. An SOP
helps ensure that everything is done in the same way
each time, producing consistent outcomes.
Of course, it is important that quality is also built into
SOPs. Consistency is no good if all it means is that
the product is always consistently poor. Consistency
without quality is not enough.
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Meeting any legal or organisational
requirements
The science and healthcare sectors are highly regulated –
for good reason. Companies and other organisations
can see the importance of good-quality SOPs that are
strictly followed, but some SOPs will ensure that any
applicable laws are followed.
Here is a range of examples of how SOPs might be
required for organisational or legal reasons:
u cleaning staff writing their initials on a chart to show
that regular scheduled cleaning has been carried out
u following government (specifically, Home Office)
requirements for storing and issuing controlled
drugs in hospitals or care homes
u storing and disposing of hazardous waste
u carrying out clinical trials of new medicines or
therapies
u obtaining regulatory approval for new medicines,
medical devices or treatments.

Upholding professional standards
Membership of all sorts of professional bodies from
the Royal Society of Chemistry to the various medical
colleges (Royal Colleges of Nursing, Midwives,
Physicians, Surgeons, etc.) requires adherence
to certain professional standards. By following
appropriate SOPs, you can show that you are
upholding those standards.
Some regulated activities, such as production of
pharmaceuticals, have to be supervised by a qualified
person (QP). European Union regulations state that a
medicinal product cannot be supplied for sale without
a QP certifying that it meets the relevant requirements
or standards. A QP is typically a pharmacist
(MRPharmS), chartered chemist (CChem) or chartered
biologist (CBiol). These roles are administered by
the Royal Pharmaceutical Society, Royal Society of
Chemistry and the Royal Society of Biology.

Demonstrating compliance for
audit purposes
It is not enough to do something properly – you need
to be able to show that you did it properly. Having an
experienced person watch over you might be useful,
but it will not be enough to show that the job was
done correctly when your organisation is audited or
inspected months or even years later. Having robust
SOPs, following them carefully and recording how they

were followed provides documentary evidence that
will satisfy inspection bodies such as the Medicines
Agency, Home Office or Care Quality Commission
when they review this at a later date.

Test yourself
1 What is a standard operating procedure (SOP)?
2 Explain two reasons why it is important for
everyone to follow SOPs.
3 Give two consequences of not following an SOP.
4 Explain why SOPs often require you to complete
a log or record your actions.

A9.4 How to access SOPs for a
given activity
Most organisations should have SOPs for all the
procedures and processes that are carried out in the
workplace. These should be kept in either hard copy
or electronic format and be readily available for use.
However, if SOPs are not available, you might need to
look elsewhere.

Carrying out detailed index searches
(for example, via intranet/manual)
If the SOP is available in your organisation, you might
need to search for it. This might involve searching an
electronic or paper-based index. SOPs may be held
centrally or located in the departments to which they
relate. SOPs that are used infrequently might require
some tracking down.
Finding SOPs in electronic format via your
organisation’s intranet or computer network should
be quite straightforward – particularly if it has good
search facilities, ideally based on one of the online
search engines such as Google or Bing.

Completing detailed staff induction
and ongoing training
If you wrote an SOP for how to run an efficient
organisation, staff induction (processes for getting
new employees set up and informed about their new
role) and regular training would certainly be very
prominent. New staff must be aware of SOPs that
affect their area of work – it is not good enough to
expect them to learn, sometimes the hard way, ‘the
way we do things round here’. As well as being part of
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the induction process for new employees, staff need to
be kept up to date with the new SOPs or modifications
to SOPs. This should be part of a regular training
programme for all staff.

Ensuring the SOP is the most
up-to-date version
Using a version of an SOP that was written 20 years
ago and has been updated once since then can be
worse than useless. Much could have happened in the
meantime:
u Methods may have changed.
u Equipment or processes may have been updated.
u Regulations may have changed.
u Roles and responsibilities may have evolved.
It should be obvious that some form of version control
is needed (for instance, giving each new updated
version a new number – e.g. v2, v3, etc.). But it is not
enough to know which version you are using – you
need to know that you have the latest version. This can
be achieved in a number of different ways:
u Controlling the production and distribution of SOPs
so that old versions are returned or destroyed when
new versions are introduced.
u Maintaining a central deposit (electronic or paperbased) that can be accessed but not removed or
downloaded.
u Maintaining a central index or database so that
version numbers of SOPs in use can be checked to
ensure they are the most up to date.

Research
It is unlikely that you will have responsibility for
production of SOPs, at least in the early years of
your career. However, you will almost certainly have
to use them. You should always know where and
how to access the SOPs that cover your work. Find
out how your organisation stores, makes available
and maintains its SOPs. Think about the tasks you
undertake (or are likely to undertake) in your role
and obtain copies of the relevant SOPs. Do they
provide sufficient information and guidance for you
to carry out the task adequately? If not, do you know
where to go to get additional help or support?

Ensuring all relevant documentation
has been completed and signed
Although people sometimes complain about
‘box-ticking exercises’, ‘mountains of red tape’ or

‘bureaucracy’, good documentation is essential to keep
track of:
u what is done
u when it is done
u it being done correctly
u who does it.
These are all essential to make sure not just that things
are done correctly but that we can show they have
been done correctly. ‘Signing off’ the records helps to
emphasise the importance of following procedures and
taking responsibility. It encourages taking ownership
of a process.
If something goes wrong and a product does not meet
specification, or someone is injured, there is likely
to be an investigation. It is important to have good
records and an audit trail to ensure that lessons can
be learned for the future. Learning lessons, in the spirit
of continual improvement, is more important than
assigning blame. There are examples of this in sections
A3.3 and A3.4.

Test yourself
1

Describe the ways in which an organisation may:
– keep or store its SOPs
– make them available to staff.
2 Give two reasons why it is important to use upto-date SOPs.
3 Describe one way in which organisations ensure
that the most up-to-date version of an SOP is the
one that is used.
4 Explain why it is necessary to ensure all relevant
documentation is completed.

A9.5 The potential impacts
of not regularly cleaning and
preparing work areas for use
Risks to health and safety
Some of the more general risks in this area are
covered in section A3.3 (‘Ensuring working
environments are clean, tidy and hazard free’). Other
risks can be specific to certain environments or
workplaces.

Spread of infection
The COVID-19 pandemic has made us all aware of
the importance of hygiene in reducing the spread of
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infection. Different micro-organisms can spread in
different ways, but regular cleaning and preparation
can reduce routes of transmission:
u Contaminated surfaces, known as fomites, can
transmit bacteria and viruses when touched. These
can include:
– hard surfaces (door handles, handrails, light
switches, mobile phones)
– fabrics such as clothing, towels and furnishings.
u Aerosols, produced by breathing, coughing or
sneezing, can transmit infected droplets directly
between people. This is why good ventilation is so
important. Aerosols can also transfer infectious
agents to fomites.
u Accumulations of waste, rubbish, dirt, etc. can
provide a breeding ground for infectious microorganisms or for vermin that can be vectors for
disease.

Production of toxic/dangerous by-products
Aseptic technique is used in microbiology to prevent
contamination of bacterial cultures as this can have
serious consequences. For example, if a pathogen
contaminates the culture, this could lead to disease
or even death of anyone who comes into contact with
the culture.
In some chemical processes, failure to clean
equipment properly can lead to contamination of
the product and could also lead to production of
hazardous by-products that are toxic, explosive or
harmful to the environment.

Health and safety
Think about the risks we have covered. Do any of
these apply in your workplace? Do you need to get
more information about precautions to take and
procedures to follow? Are there any ways that you
could modify your work practices that will help to
reduce risks to health and safety?

Invalid results
Contamination can introduce other micro-organisms
(bacteria and fungi) that can compete with the
one being cultured. This can obviously ruin an
experiment. However, there are many other
situations in laboratory or clinical settings where
contamination, or cross-contamination, can
invalidate results.

Here are some examples:
u Environmental samples for water analysis can
be contaminated during the sampling process or
during transport or storage.
u Analytical reagents can be contaminated. This is
likely to invalidate any analysis performed using
them.
u DNA samples are at particular risk from
contamination – especially cross-contamination.
See the case study for more information.

Case study
The polymerase chain reaction (PCR) is an enormously
powerful technique for ‘amplifying’ DNA or RNA. It uses
the enzymes involved in DNA replication to take a few
hundred copies of DNA or RNA and create billions of
copies. PCR is used in many applications in research
(genetic engineering), forensics (DNA samples from
crime scenes) and diagnosis (the PCR test for SARSCoV-2 virus). However, it is also highly susceptible to
contamination and so precautions must be taken to
prevent this. Use of DNA in evidence in a criminal trial
could be invalidated if there were any possibility of
‘foreign’ DNA being introduced.
u What precautions should be taken to minimise
risk of contamination when working with PCR?
Think about use of SOPs and staff training.

Reflect
Have you had a COVID-19 PCR test? Did you notice
any signs of an SOP being followed, or precautions
being taken to avoid contamination while collecting
the samples?
If you have taken a COVID-19 lateral flow test, think
about the instructions provided. Do they have the
characteristics of an SOP? Is the information provided
sufficient for you to carry out the test correctly?

Inefficient working practices
‘Time is money’ is a saying you are likely to encounter
many times in your working life, largely because it is
true. Lack of efficiency means that the job takes longer
– and that means it is not just your time that is being
wasted but other people may be waiting on your work,
so they are wasting time as well. This means higher
staff costs as they have to be paid for more hours. And
inefficiency is not just about waste of time – it could
mean a waste of valuable materials or resources, some
of which could be incredibly difficult to obtain.
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Damage to equipment
Not following an SOP can have many consequences,
including breaking essential and/or expensive
equipment. Once again, it is likely to cause your
organisation extra costs – such as repair or replacement –
as well as increasing the time it takes to get the job done.

Reflect
Think about a workplace you are familiar with. Make
a list of all the things that have gone wrong or could
go wrong. Now think about the costs and delays that
might be incurred as a result.

Test yourself
1

Describe the ways that regular cleaning can
prevent spread of infection.
2 Describe how inadequate cleaning can lead to
invalid results.

A9.6 The potential impacts of
not maintaining, cleaning and
servicing equipment
All of the factors that we considered in section A9.5
about not cleaning and preparing work areas apply just
as much to not maintaining, cleaning and servicing
equipment properly:
u Risks to health and safety:
– increased risk of injury
– spread of infection.
u Invalid results:
– contamination or cross-contamination.

Reduced function of equipment
Lack of proper maintenance can lead to decreased
lifespan of equipment. That is why second-hand
cars sold with a ‘full service history’ are considered
better buys. As well as this, equipment being out of
service for repair or because it has not been properly
maintained is likely to increase costs and cause delays
in getting the job done.

For all these reasons, it is quite common for
regular maintenance (sometimes called preventative
maintenance) to be included in various SOPs.
Similarly, there might be SOPs for regular maintenance
of some or all key equipment. These could include:
u regular checking that all connections are secure to
make sure there are no leaks
u regular lubrication of moving parts
u replacement of batteries to ensure they do not cause
damage if they leak
u regular calibration of equipment, as described in the
next section.

Research
Endoscopes are used to view the inside of the body,
typically the gut. An endoscope can be introduced
via the nose or mouth to examine the oesophagus,
stomach and upper part of the small intestine.
Alternatively, it can be inserted via the anus to
examine the bowel. Because of the way it is used,
the endoscope can become heavily contaminated
with pathogens during use and so must be cleaned,
disinfected and sterilised between patients.
More healthcare-associated outbreaks of infectious
disease have been linked to contaminated
endoscopes than to any other medical device.
[Source: Centers for Disease Control and Prevention www.cdc.gov/
infectioncontrol/guidelines/disinfection/healthcare-equipment.html]

Some endoscopes are heat-sensitive, so they
cannot be steam sterilised (which is the preferred
method). Chemical sterilisation or high-level
disinfection must be used instead.
Endoscopes use delicate fibre-optics to provide a
view deep inside the body, so they can be easily
damaged. Care must be taken in handling, cleaning
and sterilising endoscopes to prevent damage.
The NHS provides extensive advice on endoscope
decontamination. The Medicines and Healthcare
Products Regulatory Agency (MHRA) publishes an
information sheet on this: https://assets.publishing.
service.gov.uk/government/uploads/system/
uploads/attachment_data/file/372220/Endoscope_
decontramination.pdf or search the gov.uk website
for ‘endoscope decontamination’.
u Why are endoscopes at higher risk of microbial
contamination than other types of medical device?
u What are the aspects of good scientific and
clinical practice covered in this chapter that are
included in the MHRA information sheet?
u Can you think of examples from your own
practice where these principles would apply?
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A9.7 Why it is important to
calibrate and test equipment to
ensure it is fit for use
The true value of a measurement is the ideal
or perfect value. Except for some of the physical
constants used as the basis of SI units, we can never
determine the true value because of the inherent
uncertainty in any measurement.
The uncertainty in any measurement reflects the
difference between the actual measurement and
the true value as a result of the level of accuracy of the
measuring equipment or apparatus.

Key terms
Accuracy: measurements that are close to the true
value.
Precise: measurements that are close to each other,
but they may be inaccurate.
Calibration: the process of comparing measurements,
usually against a reference standard.
Reference standard: something of known size,
mass, concentration, etc. that we can use to
calibrate equipment or methods.

Ensuring accuracy of measurements
Accuracy and precision are terms that are not always
used correctly. Figure 9.1 illustrates this using the
analogy of shooting at a target.

High accuracy
High precision

Low accuracy
High precision

High accuracy
Low precision

Low accuracy
Low precision

▲ Figure 9.1 The target analogy of accuracy and

precision

Accuracy in measurement depends on the quality
of the apparatus used for measurement, the skill of
the person using it and how well the apparatus has
been calibrated. The degree of precision of a piece of
equipment is related to the number and size of random
errors that it generates. The accuracy will depend on
whether and how well it has been calibrated.

Calibration methods will depend on the equipment
being used, but they usually involve use of a standard.
Calibration is essentially the process of comparing
measurements. One measurement is of a known size or
correctness, such as a reference standard. The other is
on the device or instrument being calibrated.
Calibration is required for:
u any instrument that has moving parts, such as an
analogue ammeter or voltmeter, because movement
can upset the balance of the instrument
u anything that can be affected by temperature change
u electronic equipment, as the performance of
various electronic components can change over
time, for example, the glass membrane in a pH
electrode can be affected by deposits (dirt, oils and
grease, protein, inorganic materials) and should be
calibrated before each use.
However, calibration is only as good as the reference
standard used, so it is important to take care
of standards, for example, by preventing crosscontamination of standard solutions or corrosion of
standard masses.

Prolonging the life of equipment
As well as ensuring the accuracy of measurements,
calibration and testing equipment will form an
important part of any programme of preventative
maintenance. This will help to extend the useful life of
the equipment.

Meeting legal requirements
It is not so common to buy loose produce in a grocery
store these days. It takes a lot longer to weigh out
1 kg of rice than it does to simply pick a packet off the
shelf. However, you also have to consider the time
and expense in maintaining and calibrating the scales
used. There is a legal requirement for all measuring
equipment used in trade to be certified to meet certain
standards. This ensures that consumers are not cheated
and that they can be confident in their purchases.
Now imagine you are not simply buying 1 kg of rice
in the supermarket. If you buy a medicine, you need
to have confidence that the dosage shown on the
packaging is correct. For this reason, all equipment
used in every stage in the manufacture of the raw
materials and finished products has to be certified so
that it meets the necessary standards of accuracy.
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Research

Reflect

Think about your workplace and the types of
measuring equipment that are used. Research
the types of measuring equipment used and the
legal requirements covering the certification and
calibration of the equipment. What records have
to be kept? One or more of the following pieces of
legislation might be relevant:
u Ionising Radiation Regulations (2017)
u Weights and Measures Act 1985
u National or International Standards such as BSI
or ISO
u Control of Substances Hazardous to Health
(COSHH) Regulations 2002
u Environmental Protection Act 1990.

Think about the things you use every day in the
workplace, such as gloves, paper towels and
cleaning materials. What impact would it have
on your work if supplies of any of these ran out?
Have you been in a situation where shortage of
consumables has prevented you from doing a job, or
having to do the job in a less-than-ideal way?

A9.9 Why it is important to
order and manage stock
Ensuring sufficient supply of required
consumables and materials
Clearly, it is important that you have access to sufficient
stocks of all the items you need to carry out your
work. You may not be responsible for the purchase or
ordering of consumables or materials, but you will
almost certainly be responsible for ensuring that you
have access to everything you need. That may mean
knowing how to get them from stores or ensuring you
have your own stock in your work area.

Key terms
Consumables: items that are used and then
disposed of. They are mostly single-use but might
be re-used in some circumstances.
Materials: include items such as ingredients or
components used in the manufacture of a product.

Ensuring that materials are used
before their expiry date
We are used to seeing ‘use by’ or ‘best before’ dates
on most of the items we buy in the supermarket. Do
you know what they mean? In general, they mean
what they say. Some products might become harmful
if kept beyond the ‘use by’ date. On the other hand,
something eaten after the ‘best before’ date may not be
as tasty but it is unlikely to cause you harm.
In a science or healthcare environment you are more
likely to come across products with expiry dates. Some
of these will be more important than others.
If the expiry date on a pack of self-adhesive envelopes
has passed, the adhesive may not be fully effective
and you might have to resort to sticky tape to seal the
envelope. That is inconvenient but is not dangerous
and is therefore minor in the overall scheme of things.

▲ Figure 9.2 Make sure you always have the right

amount of stock

However, most of the items that you encounter in a
healthcare or clinical setting are likely to have expiry
dates that must be respected, including:
u medicines that may no longer be sufficiently
effective, meaning the patient does not receive the
effect of a full dose
u packs of fluids, swabs, dressings, etc. that may
no longer be sterile and could cause harm to the
patient if used.
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Reducing the costs of excess stock
Sometimes it is necessary to maintain high levels of
stock, such as:
u items for which there is a long lead time, meaning
we need to order them well in advance
u items that are critical to patient care, where running
out might harm the patient.
However, in your working environment it is possible
that excess stock will be wasted for no good reason.
That puts a drain on resources and means there will
be less budget available for essentials. Implementing
robust stock control procedures can save huge amounts
of money.

Improving efficiency and productivity
Efficiency and productivity are linked. Whether
you measure productivity in the amount of work
you get done in a given time or how much product
goes out of the door every day, if you can work more
efficiently, you will be more productive. However, being
productive does not necessarily mean being quick. If
you rush things and make a mistake, you may find that
everything takes longer and costs more than if you had
worked at a more steady, methodical pace. Efficiency
and productivity also mean being careful.

Reflect
Think of the ways in which your work could
be adversely affected if you do not have the
consumables or materials you need. Have you ever
had to delay doing something because you did not
have all the necessary consumables? Have materials
been wasted because they could not be used in
time when key items were not available?
Think about all the ways in which poor stock control
can reduce efficiency. Think about ways in which
your own work could be made more efficient.

Ensure safety of stock
We have considered the importance of good stock
control. It should be obvious that stocks need to be
looked after, which we will cover in the next section.
Ensuring stock is safely looked after might mean
keeping it under the correct conditions, for example,
in a fridge or freezer. It might also mean ensuring

the security of stock. That might be to prevent
unauthorised use or to prevent access to hazardous
or controlled substances. For example, the Misuse of
Drugs Act 1971 and Misuse of Drugs Regulations 2001
apply strict procedures to storage of controlled drugs,
including:
u ensuring safe and secure storage, including
restricting personnel access (for example, by use of
locked storage cabinets or keycard access.)
u undertaking inventory record-keeping
u following sign-in/sign-out protocols.

A9.10 The potential
consequences of incorrectly
storing products, materials and
equipment
Are you the sort of person who reads the small print
on jars of jam or bottles of tomato sauce? If so, you may
notice that they nearly always have the instruction
‘refrigerate after opening’. This is increasingly
common, as food manufacturers reduce the amount
of artificial preservatives added to foodstuffs. The
consequence is that something that may have been
kept in a cupboard many years ago should now be
stored in the fridge. It probably explains why large
fridges are becoming more popular, but it also
illustrates the importance of proper storage.

Cross-contamination
Keeping with the domestic theme, we are told that
cooked foods should never be stored in the fridge on a
shelf below raw meat. Raw meat may be contaminated
with harmful bacteria. Although these are destroyed
by cooking, fluids from the raw meat may drip down
onto the cooked food. The benefits of cooking are
lost if cooked foods become contaminated. You will
encounter many similar situations in your workplace,
so pay attention to procedures for safe storage of any
items that might be at risk of cross-contamination.

Breakdown of limited stability
products
Many products that you will encounter in a healthcare
setting are sensitive to heat or light and need to be
stored accordingly.

11

9781398364110_Sample chapter.indd 11

27/01/22 3:33 PM

Healthcare Science T Level: Core

Products exceeding expiry dates
Stock rotation is a term you are likely to encounter.
It means always using the oldest batch first,
providing the oldest has not passed its expiry date.
Stock should always be kept in a way that makes
proper stock rotation possible, rather than in such
a way that items are left for months or years at the
back of a cupboard. Physically arranging stocks of
materials with the oldest batches at the front of a
shelf can help, for example.
▲ Figure 9.3 COVID-19 vaccine vials in refrigerated

storage

Consider the recent example of two recent COVID-19
vaccines (see Figure 9.3):
u The Pfizer vaccine needs to be stored and
transported at –70 °C.
u The Oxford/AstraZeneca vaccine can be stored at
up to +4 °C.
It is clear from this that the Oxford/AstraZeneca
vaccine is easier to handle, particularly outside of
hospitals or in developing countries that may not have
access to ultra-cold storage.
Light-sensitive products are often stored in brown
glass bottles (see Figure 9.4), so take care if you need to
transfer such liquids to other containers.

Loss of samples or degradation of
reagents not stored at the correct
temperature (−20 °C, −4 °C, 4 °C or
room temperature)
NHS guidance to GP surgeries is that blood samples
and urine samples should be sent to the lab the same
day (see Figure 9.5). If this is not possible, they must
be stored refrigerated at 4–8 °C and analysed within
24 hours. Cells in the blood can start to break down
and release substances that mean the results may not
be valid. It is not just high temperatures that can be
damaging. In general, blood samples should not be
frozen before analysis as this can also lead to damage
to cells.
The World Health Organization (WHO) has strict
guidelines for transport and storage of water samples.
Microbiological analysis should ideally be performed
within 6 hours or no later than 24 hours after sample
collection. Failure to do this means that the results may
not be valid.

▲ Figure 9.4 A light-sensitive laboratory reagent

packed in a brown glass bottle

▲ Figure 9.5 Blood samples ready for analysis
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A9: Good scientific and clinical practice
Correct storage of reagents is equally important. Here
are some examples:
u Antibodies and proteins usually need to be stored
at −20 °C or −80 °C, but conjugated antibodies
(antibodies with enzymes attached) must not be
frozen and so should be stored at 4 °C.
u Antibodies and other reagents that have a
fluorescent dye attached must be kept dark to
prevent photobleaching of the fluorescent dye,
which will make it useless.
u Many solids are hygroscopic, meaning that they
will absorb moisture from the air. When they do so,
they are more likely to degrade by hydrolysis. This
is when a compound is broken down by water – see
section B1.7 or B2.5 for examples of hydrolysis.
Also, if the solid has absorbed moisture, you cannot
weigh it accurately.
So far, we have described the need for low-temperature
storage. What about storage at room temperature?
Obviously, it can be expensive to maintain large
fridges or freezers, particularly ultra-cold freezers at
−80 °C. Therefore, it makes sense to store materials at
room temperature where possible. However, there is

another reason why it can be better to store at room
temperature. Whenever a bottle of solid is removed
from a fridge or particularly a freezer, there is a risk of
condensation forming on the powder when the bottle
is opened. This can also cause damage to the material
by hydrolysis. For that reason, it is important that
you leave a bottle to reach room temperature before
opening. This could take several hours, so if there is no
need to store the product at low temperature, it would
be better to keep it at room temperature.

Practice point
One useful tip when handling products that require
storage at low temperature is to aliquot. This
means sub-dividing a larger amount into single-use
quantities. This will avoid many freeze–thaw cycles
that can be damaging to temperature-sensitive
materials.
If you do this, you need to make sure that
the process of aliquoting does not introduce
contamination.

Project practice
You have been asked to review the way in which
SOPs are used in your organisation (you can base
this on your own workplace or an organisation you
are familiar with). The results of the review will be
considered by the management and used as the basis
for future action.
You need to complete the following steps:
1 Research a strategy.
a Carry out a review of the legislation and
regulations that affect your organisation.
b Gather information about clients, customers,
stakeholders of different types and how
they are affected by your organisation’s
performance.
2 Plan a project based on the information that you
have gathered.
a Identify who is responsible for production and
maintenance of SOPs.
b How and where are SOPs kept, issued or
referred to and by whom?

c What procedures are in place for documenting
and auditing adherence to SOPs?
d How are SOPs incorporated into induction and
training?
3 Present your findings in the form of a written
report or PowerPoint presentation. You should
include the following:
a What weaknesses are there in the existing SOPs?
b Who is responsible for maintaining SOPs and do
they have the relevant training and experience?
c Are all members of staff familiar with the SOPs
that affect them?
d Recommendations for improved systems.
4 Discuss the following questions:
a How should members of staff be made aware of
the importance of following SOPs?
b Is the culture of the organisation to impose or to
encourage the following of SOPs?
c What are the risk factors if SOPs are not
followed correctly?
5 Write a reflective evaluation of your work.
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Assessment practice
1 What are the main principles of good practice in
scientific and clinical settings?
2 Give two advantages and one disadvantage of
keeping all SOPs on an organisation’s intranet/
computer network.
3 You notice that an SOP does not include a
procedure for calibrating an important piece of
measuring equipment. Justify why it should be
included in a revised SOP.
4 Which of the following is the correct course of
action if you find a piece of equipment is not
performing correctly?
a Put a note on the door of the room containing
the equipment.
b Unplug the equipment, stick a label on the
front saying ‘Do not use’ and inform your line
manager.
c Inform the safety officer when you next meet them.
d Put a note in the equipment log to say that it
is not working correctly.
5 Amir and Sofia are arguing about the terms
‘precision’ and ‘accuracy’. Amir says that
calibrating a piece of equipment makes the results
more precise, but Sofia says this makes the results
more accurate. Who is correct? Explain why.

6 A package arrives by next-day courier containing
several bottles of a therapeutic enzyme. Explain
what should happen to the package.
7 A healthcare practitioner is supporting a patient
with reduced immunity during chemotherapy.
The patient has complained of feeling unwell
and the practitioner is taking the patient’s
temperature and blood pressure. Give two
reasons why it is important to ensure that the
information is accurate, and for each, explain a
possible impact of not doing so.
8 What precautions would you take when
preparing blood samples for transfer to an
analytical laboratory?
9 You have been asked to review the way in
which stocks of consumables are handled in a
large care home. Each floor has a supervisor
who is responsible for ordering and maintaining
stocks of cleaning materials, hygiene products
and some patient medications such as insulin.
Identify two weaknesses in the current
approach.
10 Explain the importance of proper stock control.
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