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Health and Safety 

Teachers’ note:   Text coloured “teal” is not in the document for students.
Pharmaceutical companies have to set controls for safe working and take into account the human and financial cost of accidents.  There is a duty of care to all employees, contractors and visitors.
The law
Companies are legally bound to create safe and healthy working conditions, safe procedures and buildings.
· The Employer is responsible for the health and safety of the workforce (staff and contractors), guests and the general public who may come into contact with the workplace, its products and the local environment.
· Employees are responsible for their own health and safety and that of their colleagues.

The Company is accountable to The Health and Safety Executive (HSE).  The HSE can make unannounced inspections and shut a site down if there is something seriously wrong or if there is a serious accident.  Senior managers might be prosecuted.
Major points of the law are covered by the Health and Safety at Work Act 1974.
The concepts of risk assessment and the hierarchy of controls are developed further by The Management of Health and Safety at Work Regulations 1999.
Other regulations that must be followed are:
· Control of Substances Hazardous to Health Regulations 2002

· Dangerous Substances and Explosive Atmospheres Regulations 2002

· Fire Precautions (Workplace) Regulations 1999

· Health and Safety (Display Screen Equipment) Regulations 1992 (as amended)

· Ionising Radiation Regulations 1999

· Manual Handling Operations Regulations 1992

· Noise at Work Regulations 1989

· Personal Protective Equipment at Work Regulations 1992

Risk assessments
One of the basic concepts is that of Risk Assessment.  Everyone must take steps to minimise the chance of an accident happening.

Pharmaceuticals is a business that uses practical science as a basis to most of its work.  Almost every day very dangerous chemicals are used, as well as radioactive substances and biological hazards such as bacteria and viruses.  These hazards are very different, for example, to the construction industry that uses heavy machinery and may involve high level working on scaffolds.
Task.

Which of the above eight regulations are more applicable to the pharmaceutical industry for most scientific roles?

Which are more applicable to the construction industry for most construction site roles?

Typical answers shown: but all eight regulations apply to both industries as there will always be special circumstances where each applies.  The exercise should stimulate discussion as to when certain regulations apply.
	Regulation
	Pharmaceuticals
	Construction

	Control of Substances Hazardous to Health Regulations 2002
	(
	

	Dangerous Substances and Explosive Atmospheres Regulations 2002
	(
	

	Fire Precautions (Workplace) Regulations 1999


	(
	(

	Health and Safety (Display Screen Equipment) Regulations 1992 (as amended)
	(
	(

	Ionising Radiation Regulations 1999


	(
	

	Manual Handling Operations Regulations 1992


	(
	(

	Noise at Work Regulations 1989


	
	(

	Personal Protective Equipment at Work Regulations 1992
	(
	(


What does this mean for a pharmaceutical company?
In the Research and Development part of the business there are many types of employees: 

· scientists such as chemists and biologists;

· associated engineers and stewards;
· a contract workforce of cleaners, caterers and grounds staff.

The hazards and risks associated with their roles are very varied.

There can be a large number of sites.
Creating a safe and healthy environment involves a lot of time, cost and paperwork to record policies, procedures and any accidents that happen.
Despite hazardous chemicals, radioactive materials, genetically modified organisms, compressed gas cylinders, flammable materials, broken glassware, heavy equipment, etc, the working environment at a pharmaceutical company is relatively safe – there are more accidents in the home.

In the pharmaceutical industry do you think that there are more health problems due to the use of hazardous chemicals or to the use of computers?

The largest number of R&D reportable illnesses (about a third) were due to work related upper limb disorders – repetitive strain injuries.  The use of hazardous chemicals is highly regulated and they are used in contained areas.  People who work on computers perceive it as low risk activity and tend to have poor posture despite advice to the contrary.
Hazards and risks
A hazard is something with the potential to cause harm.
The risk is the likelihood and the consequences of that hazard happening.
To take a simple example: a moving car is a hazard.  The consequence is that it could kill you.

1.  The risk is very high if you stand in the middle of a motorway and the car is travelling at 70 mph.

2.  The risk is low if you are on the pavement of a quiet cul-de-sac and the car is moving very slowly.

3.  On an urban high street the risk is high if the car is travelling over the speed limit and you cross the road without looking.

4.  The risk is medium if the driver is observing the speed limit and you run across its path estimating a safe gap.

5.  The risk is low if the car is travelling slowly and you cross well before it using a pedestrian crossing.
This, and any other example, can be shown graphically.
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Task.

Think about another hazard (e.g. swimming, fireworks, sulphuric acid or something else) and write down situations where the risks are high, medium and low and display them graphically.
Task.

For staff on a Research and Development site what are the most likely hazards encountered in the jobs of the following employees?
	Research chemist


	Dangerous chemicals on skin, in eyes, inhaled; solvent fumes and spillage; burns from hotplates etc; cuts from broken glass; lifting heavy objects; working at a computer (posture)



	Research biologist


	Dangerous bacteria, viruses on skin, in eyes, inhaled; solvent fumes and spillage; burns from flame sterilisation; cuts from broken glass; lifting heavy objects; working at a computer (posture)



	Administrative assistant
	Lifting heavy objects; working at a computer (posture); using a shredder



	Gardener


	Lifting heavy objects; power tools; sharp equipment; working at heights

	Chef


	Lifting heavy objects; power tools; sharp equipment

	Electrician


	Lifting heavy objects; power tools; sharp equipment; working at heights ; electrocution


Creating Risk Assessments

The Health and Safety Executive suggest 5 steps for developing a good Risk Assessment.
1. Identify the hazards

2. Assess the risks (are they high, medium or low?)
3. Determine control measures (how do you reduce high or medium to low)
4. Implement an action plan to reduce the risks
5. Monitor, maintain and review the plan (e.g. check the plan after a suitable time to see if it is still OK because circumstances may have changed)
Good Risk Assessments use a Hierarchy of Controls to reduce risks.  You should start at the top of the list and work down until you can find a good way of making a situation or process safer.
1. Eliminate – do not use the hazardous thing or do the hazardous activity
2. Substitute – do or use something safer
3. Reduce – use less of the hazardous thing or moderate the activity

4. Isolate – keep the hazard away from people

5. Contain – use a container or screen off the activity

6. Engineering Controls – use of a cover, screen, brake, restrictor etc
7. Administrative Controls – e.g. authorised users, mandatory training
8. Personal Protective Equipment (PPE) – safety glasses, lab coat, gloves, hard hat etc.
Controls 1 to 7 create a safe work place.  Control 8 creates a safe person.

Task.

Think about the hazards of cars and the risks to people on roads.  How might you use each of the Hierarchy of Controls to reduce risks?

	Eliminate


	close a road for a street party or market, pedestrianise town centres

	Substitute


	use a bridge or underpass to cross the road

	Reduce


	cars obey speed limits

	Isolate


	walk on a footpath, use a pedestrian crossing

	Contain


	barriers along motorways to prevent people crossing them

	Engineering controls


	speed restrictors on cars, electronic people sensors on the front of cars

	Administrative controls


	drivers must take tests, road safety awareness for pedestrians

	Personal Protective Equipment


	pedestrians should wear sensible shoes and not flip-flops, they could wear padded clothing and hard hats


Task.

How are these controls used in industrial chemistry laboratories?  Many examples can be found in the virtual tours of synthetic and analytical labs and the Pilot Plant.
	Eliminate


	do not use naked flames (Bunsen burners) for heating

	Substitute


	use electrically heated hotplates for heating

	Reduce


	use the smallest amount of chemical necessary to make sufficient product for what is needed

	Isolate


	chemicals and lab coats are not allowed in the office area; chemically contaminated waste is put in special bins; chemicals are delivered via the service corridor; safety fence round the NMR machines

	Contain


	all chemistry is done in fume cupboards; vented cabinets are used to contain solvent vapours; the balances are in vented booths; UV lamp is in an enclosed box

	Engineering controls


	air conditioning in the lab and good airflow through fume cupboards; warning sound if the fume cupboard sash is open to far

	Administrative controls


	training in health & safety matters; risk assessments written before starting an experiment; authorisation process for very hazardous chemicals, e.g. cyanides

	Personal Protective Equipment


	lab coats, safety spectacles, gloves, steel toed boots and protective suits in Pilot Plant


Creating a Risk Assessment 
One way to create a risk assessment is to break down any experiment or activity into its parts and identify the hazards associated with each.

A sample template for Risk Assessments can be downloaded from the web site www.atworkwithscience.com.

As an example, think about boiling an egg for breakfast.  The component parts include:
Take the egg from the box
Boil the egg in water for 4 minutes 

Remove the egg from the water

Cut the top off the egg

There are hazards associated with each phase, though we normally take them for granted.
	Activity
	Hazard
	Risk

	Take the egg from the box
	Salmonella present in old eggs.  Food poisoning.
	High

	Boiling the egg in water for 4 minutes
	Boiling water.  Scalding from putting hand in water or splashes.  Risk of burning hands from touching hot metal.
Risk of burning hands when turning on hot plate or lighting gas ring.
Ignition of flammable materials from hot plate or gas ring.
	High

	Remove the egg from the water
	Boiling water.  Scalding from putting hand in water or splashes.  Risk of burning hands from touching hot metal.
	High

	Cut the top off the egg
	Sharp knife causing flesh wounds.
	High


The task now is to work out controls and ways of doing things that reduce the risks from High to Low.  “Getting my mum to do it whilst I wait at the table” is the ultimate answer and an example of isolating the activity or of employing a specialist operative.
	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	Take the egg from the box
	Salmonella present in old eggs.  Food poisoning.
	Use fresh eggs.  Store them in an effective fridge
	High
	Low

	Boiling the egg in water for 4 minutes
	Boiling water.  Scalding from putting hand in water or splashes.  Risk of burning hands from touching hot metal.

Risk of burning hands when turning on hot plate or lighting gas ring

Ignition of flammable materials from hot plate or gas ring.
	Put egg into cold water by hand, or into boiling water using a spoon.  Use a pan with an insulated handle.  Keep the pan away from the front edge of the cooker.  Keep young children away from the area.  Keep flammable materials and bare skin away from heat sources.  Only experienced people to light gas rings.
	High
	Low

	Remove the egg from the water
	Boiling water.  Scalding from putting hand in water or splashes.  Risk of burning hands from touching hot metal.
	Remove egg using a spoon.  Use a pan with an insulated handle.
	High
	Low

	Cut the top off the egg
	Sharp knife causing flesh wounds.
	Use a blunt knife of edge of a spoon.  Hold the egg steady in an egg cup.
	High
	Low


This is now an effective risk assessment and should be followed.  It may need to be revised if equipment is changed, for example, if a gadget to electrically heat an egg comes onto the market.

Task.
Think about the situation where one of the scientists from a pharmaceutical company’s research team is leaving to return to University after a year in industry.  The team want to organise an “official” summer barbeque for them.  It will be off-site so that alcohol can be served.

Break down the probable activities using a chart like the one used for boiled eggs.  Identify hazards and write down control measures.  Use more lines if you like.  A downloadable template is available on the web site.
	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


This is a genuine risk assessment from a University for a similar situation.
	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	Control of numbers attending
	Event getting too big for the space available.
	By invitation only – max. attending approx 15.
	Med
	Low

	Attending to the BBQ
	Too many people near the BBQ and knocking it over.
	Two nominated persons, experienced at BBQ’s to attend to the BBQ only.
	High
	Low

	Transporting & storage of food
	Food damage/poisoning.
	Food to be purchased max. 1hr 45 mins before event.
	High
	Low

	Handling of food
	Food poisoning.
	As above.  Persons attending to the BBQ to ensure all food is handled hygienically and cooked thoroughly.
	High
	Low

	Lighting and managing the BBQ
	Fire.
Burns and personal injuries.
	Two nominated persons to attend to BBQ at all times.  Keep flammable materials away from the BBQ.

Keep all attendees away from BBQ at a safe distance.
	High
	Low

	Alcohol consumption
	Alcohol induced safety risk.
	Two persons attending BBQ not to consume alcohol until all cooking has finished.
	High
	Low

	Individual responsibility and behaviour regarding Health and safety
	Being unaware of the potential hazards.
	Organisers to control alcohol consumption and be alert to individual behaviour.
	Med
	Low


Task:  GCSE level
Write a risk assessment for the synthesis and isolation of the fertiliser ammonium sulphate by neutralising sulphuric acid with ammonia using the following procedure.
Measure out sulphuric acid (50ml) into a flask.  Use methyl orange indicator and titrate with aqueous ammonia solution from a burette.  Repeat the process without the indicator using the same volumes from the trial run.

Boil or evaporate off the water to give a solid product.
You will need to look at hazard data from CLEAPSS (CD-ROM or on a school network) or a chemical supplier’s catalogue.
	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	Using sulphuric acid
	
	
	
	

	Using aqueous ammonia solution
	
	
	
	

	Use of methyl orange indicator
	
	
	
	

	Pipetting ammonia solution
	
	
	
	

	Filling a burette with sulphuric acid
	
	
	
	

	Boiling or evaporating off the water from the solution
	
	
	
	

	Disposal of the solution from the trial run
	
	
	
	

	Disposal of excess ammonia solution in the burette
	
	
	
	


Typical answer – including text from CLEAPSS Hazards® 
	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	Using sulphuric acid
	VERY CORROSIVE.  Causes severe burns. Solutions equal to or stronger than 1.5 M should be labelled

CORROSIVE. Solutions equal to or stronger than 0.5 M but weaker than 1.5 M

should be labelled IRRITANT.
	Use dilute aqueous solution of 1 mol dm-3  Avoid spills by careful working and having a tidy work space.  Wear gloves, lab coat and safety spectacles.
	High
	Low

	Using aqueous ammonia solution
	CORROSIVE, 

DANGER TO THE

ENVIRONMENT.

Causes burns. Solutions with a concentration greater than or equal to 6 M should

be labelled CORROSIVE. Solutions of stronger than or equal to 3 M but weaker than

6 M should be labelled IRRITANT. If swallowed, causes severe internal damage.

The vapour (ammonia gas) is toxic and extremely irritating to the eyes and lungs.

Solutions equal to or stronger than 14 M are very toxic to the aquatic

environment.
	Use dilute aqueous solution of 1 mol dm-3  Avoid spills by careful working and having a tidy work space.  Work in a fume cupboard to contain irritant vapour.  Wear gloves, lab coat and safety spectacles.
	High
	Low

	Use of methyl orange indicator
	Solid – Toxic by inhalation and contact with skin.  Solution may stain hands.
	Use a few drops of a dilute solution in water.  Wear gloves.
	High
	Low


	Pipetting ammonia solution
	Ammonia – see above.  Swallowing corrosive liquid and inhaling irritant fumes.  Spillage due to poor technique.
	The user must be trained in the use of a pipette using water.  Use a pipette filler (bulb or pi-pump).  Refer to CLEAPSS 10.10.3.
	High
	Low

	Filling a burette with sulphuric acid
	Sulphuric acid – see above.  Danger of spilling the acid as it is poured into the narrow burette.  Falling from stool/bench whilst holding acid.
	See above.  Position the top of the burette at a convenient level.  Do not stand on a stool to fill it.  Use a funnel and avoid air locks by lifting it slightly out of the top of the burette.  Pour roughly the right amount of acid to a conical flask and fill the burette from this – not from a stock bottle.
	High
	Low

	Boiling / evaporating off the water from the solution
	Burns from heat source.  Ignition of flammable materials from heat source.  Splashing of hot liquid.  Any excess ammonia will produce a highly irritant vapour.  Any excess sulphuric acid will be concentrated in the process and increase the hazard – see above.
	If a Bunsen burner is used it should be lit by a trained operator.  Operators must avoid close contact with heat sources and hot equipment.  Heat sources must be kept away from flammable materials.  To avoid irritant vapour and the hazard of concentrated sulphuric acid the boiling or evaporation process must be done in a fume cupboard.  Methyl orange changes colour at acidic pH (3.2-4.4) and so there will be excess acid present at the “neutralisation” point.  Since an excess of ammonia can be boiled off but sulphuric acid can’t, a wise precaution is to add a small excess of ammonia solution (about 0.5 ml) over the “neutralisation” volume.
	High
	Low


	Disposal of the solution from the trial run
	Solutions equal to or stronger than 14 M are very toxic to the aquatic

environment.
	Use dilute solutions for the experiment and flush everything down a sink with plenty of water.
	Med
	Low

	Disposal of excess ammonia solution in the burette
	Solutions equal to or stronger than 14 M are very toxic to the aquatic

environment.
	Use dilute solutions for the experiment and flush everything down a sink with plenty of water.
	Med
	Low


An alternative experiment for students to do a risk assessment on might be the preparation of magnesium sulphate by adding magnesium ribbon to dilute sulphuric acid and subsequent evaporation.

Task  Advanced level
Write a risk assessment for the synthesis and isolation of aspirin using the following general procedure.

1. Shake 2g of 2-hydroxybenzoic acid with 4cm3 of ethanoic anhydride in a conical flask.

2. Add 5 drops of concentrated sulphuric acid and continue agitating the flask for 10 minutes.  Crystals of aspirin will be produced and form a crystalline mush.

3. Dilute by adding 4cm3 of cold glacial ethanoic acid and cool in ice.

4. Collect the crystals using vacuum filtration and wash once with cold water.

5. Recrystallise the product from water.

	Activity
	Hazard
	Controls to reduce risks
	Risk before and after controls

	Practical chemistry using hazardous materials
	Splashes of chemicals; irritation to eyes and airways, damage to clothes; fire
	Wear lab coat and safety spectacles for all operations; wear gloves to avoid spills and splashes; work in a fume cupboard if available or in a well ventilated room if not; keep flammable materials away from sources of ignition
	High
	Low

	Weigh 2g acid


	Irritant solid, harmful 
	Weigh carefully; avoid breathing in dust, wear gloves and face mask if available; use a vented weighing booth if available;  wipe up spills with a damp tissue
	High
	Low

	Measure 4cm3 ethanoic anhydride


	Causes burns with blistering and peeling. Contact with the eyes may cause

delayed damage. Extremely irritant vapour. Harmful if swallowed and by

inhalation. It is flammable and may catch fire if heated above 54°C.
	Wear gloves; pour from a small stock bottle into a suitable measuring cylinder or pipette out.
Keep away from sources of ignition
	High
	Low

	Use of conc. sulphuric acid;

Adding 5 drops


	CORROSIVE Causes severe burns. Solutions equal to or stronger than 1.5M should be labelled

CORROSIVE. Solutions equal to or stronger than 0.5M but weaker than 1.5M

should be labelled IRRITANT.
	Use with extreme caution. Practise the use of a dropper or pipette with water to prevent sucking up an excess and splashing.

Use a small stock bottle for sulphuric acid suitably labelled.  Wash out dropper or pipette very carefully with water before disposal or sending for washing up.
	High
	Low

	Agitate the flask


	Flask may break, contents may splash out
	Check flask for flaws before use; use a suitable size flask so that it is not over-full (e.g. 25ml), practise swirling water in a similar flask to learn the technique; use a magnetic stirrer if available 
	High
	Low

	Adding 4cm3 of cold glacial ethanoic acid


	The concentrated acid causes severe burns. Solutions stronger than or equal

to 4M should also be labelled CORROSIVE. Solutions stronger than or equal

to 1.5M but weaker than 4M should be labelled IRRITANT. The vapour is

flammable above 40°C. The vapour is very irritating to the respiratory system.
	Wear gloves; pour from a small stock bottle into a suitable measuring cylinder or pipette out.

Keep away from sources of ignition
	High
	Low

	Vacuum filtration, washing with water and disposal of the filtrate


	Unstable apparatus connected by a thick rubber tube to a pump may tip and spill the corrosive contents (for hazards see above)
	Practise the filtration technique using water.  After the real filtration and washing with water the filtrate should be poured cautiously into cold water (about 500cm3) and flushed down a drain with more water.
	High
	Low

	Recrystallisation of the product from water


	Burns from heat source; scalding from boiling water; ignition of flammable materials
	Do not touch hot equipment with bare skin; keep heat sources away from flammable materials; 
	High
	Low
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