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Safety, Ethical & Environmental Issues in Biology

Safety, Ethical & Environmental Issues in Biology

Thro ugho ut the co urse yo u will perfo rm a variety o f di�erent practical investigatio ns

Yo u need to  be aware o f ethical issues  that may arise, as well as any saf ety co nsideratio ns, and

be able to  suggest ways to  minimise these issues during practical wo rk

Safety

The haz ards  and risks  o f any pro po sed experimental pro cedure sho uld be co nsidered

A haz ard  relates to  a feature o f a pro cedure that may have inherently harmf ul pro perties, e.g.

A chemical substance might be an irritant to  the skin

A ro cky sho re enviro nment is likely to  have slippery ro cks

A Bunsen burner may cause burns

The risk is the level o f  danger po sed by the haz ard 

Facto rs that co ntribute to  the dangers o f a haz ard include

The likeliho o d  o f the haz ard causing harm

The severity  o f the harm, sho uld it o ccur

A risk assessment during any practical wo rk sho uld  identif y  po ssible haz ards, assess  the level o f

risk, and make alteratio ns to  the pro cedure to  minimise  the risk

E.g. fo r a ro cky sho re quadrat practical we might:

Identify slippery ro cks o n the ro cky sho re as a haz ard,

Assess that the risk o f slipping and falling is quite likely, and co uld lead to  injuries such as

bruises o r twisted ankles

Alter the practical pro cedure to  state that fo o twear must have a go o d grip, students

sho uld avo id stepping o nto  ro cks co vered with seaweed, and that students sho uld walk

slo wly and with care

Use of chemicals

So me practical investigatio ns may invo lve the use o f chemical substances that have asso ciated

haz ards and risks, e.g.

Stains used when viewing cells

Chemicals invo lved in measuring rates o f reactio n fo r enz ymes

So lvents used in chro mato graphy

The safety o f a chemical can be assessed by lo o king at the haz ard warning symbo ls  allo cated to

a substance

These are standardised symbo ls used o n labels and safety data sheets to  co mmunicate the

haz ards asso ciated with a chemical

There are nine haz ard warning symbo ls, each representing a di�erent type o f haz ard

These symbo ls are usually depicted inside a red diamo nd with a white backgro und
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Common hazard symbols table

Haz ard Symbo l Meaning

Health haz ard

includes warning o n skin

rashes, eye damage and

ingestio n

Co rro sive
can cause skin burns and

permanent eye damage

Flammable

can catch �re if heated o r

co mes into  co ntact with a

�ame

Acute to xicity

can cause life-threatening

e�ects, even in small

quantities

Haz ardo us to  the

enviro nment

substances that are a threat to

aquatic life and the

enviro nment

Oxidising o xidising agents that can

cause �re o r explo sio ns
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Exam T ip

When yo u are planning a practical pro cedure fo r internal assessment and yo u are suggesting a

safety precautio n yo u need to  say mo re than just 'wear a lab co at and go ggles', as this is

standard practice in any labo rato ry.

Yo u need to  identify what the haz ard is, and to  justify the safety precautio n taken, e.g. 'io dine is

an irritant; the risk o f harm can be reduced by wearing safety go ggles and by immediately washing

any skin with which it co mes into  co ntact.'

Ethical considerations

Bio lo gy investigatio ns o ften invo lve living o rganisms, and so  ethical co nsideratio ns are

impo rtant

The IB po licy o n animals in scho o ls states that investigatio ns sho uld o nly invo lve animals where

no  alternative o ptio ns are available, and that any investigatio ns that must invo lve animals sho uld

no t be cruel, and sho uld include measures that remo ve po tential causes o f  animal distress

This may mean:

Cho o sing an experiment that do es no t invo lve animals

Ensuring that po tential harm to  animals is minimised by, e.g. keeping experiments sho rt,

handling animals as little as po ssible, releasing animals to  their natural enviro nment at the end

o f an experiment

Any experiment that invo lves humans, e.g. using a spiro meter to  measure breathing rate, sho uld

have the f ully inf o rmed co nsent  o f the individual invo lved

Environmental considerations

Yo u need to  co nsider the po tential enviro nmental impact o f yo ur investigatio n

Fo r labo rato ry experiments this may invo lve making sure that any waste is dispo sed o f  co rrectly,

e.g.

No t dispo sing o f to xic chemical waste do wn the labo rato ry sink

Ensuring that sharp equipment is dispo sed o f using a sharps bin

Ensuring that bio lo gical waste, such as petri dishes with bacteria o r dissected o rgans, are

dispo sed o f co rrectly

Fo r a �eld experiment this may invo lve minimising enviro nmental impact , e.g.

No t wo rking in very large gro ups

Avo iding sensitive enviro nments

Taking equipment and litter away
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Measuring Variables in Biology

Measuring Variables in Biology

When measuring a variable in an experiment, it is impo rtant to  use the mo st appro priate instrument

and measuring technique to  achieve the mo st accurate value fo r that measurement to  an

appro priate level o f precise

Measuring mass

Mass is measured using a digital balance which no rmally gives readings to  two  decimal places

Balances must be tared (set to  z ero ) befo re use, this indicates that the co ntainer o r balance is

empty befo re taking the measurement

The standard unit o f mass is kilo grams (kg) but in chemistry, grams (g) are mo st o ften used

1 kilo gram = 1000 grams

Measuring volume of liquids

The mo st co mmo n units o f measurement fo r vo lumes are cm , dm  o r ml (millilitres) o r l (litres)

The vo lume o f a liquid can be determined using several types o f apparatus, depending o n the

level o f accuracy needed

Fo r appro ximate vo lumes where high accuracy is no t an impo rtant facto r, measuring (o r

graduated) cylinders are used

These are graduated (have a scale so  can be used to  measure) and are available typically in a

range o f siz es fro m 10 cm to  1 litre (1 dm )

Vo lumetric pipettes are the mo st accurate way o f measuring a �xed vo lume o f liquid, usually 10

cm o r 25 cm

They have a scratch mark o n the neck which is matched to  the bo tto m o f the meniscus to

make the measurement

Burettes are the mo st accurate way o f measuring a variable vo lume o f liquid between 0 cm and

50 cm (e.g. in a titratio n)

The tricky thing with burettes is to  remember to  read the scale fro m to p to  bo tto m as 0.00

cm is at the to p o f the co lumn

Whichever apparatus yo u use, yo u may see markings in ml (millilitre) which is the same as a cm
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Burettes, measuring cylinders, pipette �llers and volumetric pipettes can be used to measure the volume

of liquids

Measuring the volume of gases

The vo lume o f a gas so metimes needs to  be measured and is do ne by co llecting it in a graduated

measuring apparatus

A gas syringe is usually the apparatus used

A graduated measuring cylinder o r burette inverted in water may also  be used, pro vided the gas is

no t water-so luble

If the gas happens to  be heavier than air and is co lo ured, the cylinder can be used upright
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Gas syringes can be used to measure the volume of gas produced in a reaction

Measuring time

Time can be measured using a sto pwatch o r sto p-clo ck which are usually accurate to  o ne o r

two  decimal places

The units o f time no rmally used are seco nds  o r minutes  altho ugh o ther units may be used fo r

extremely slo w reactio ns (e.g. rusting)

1 minute = 60 seco nds

An impo rtant facto r when measuring time intervals is human reactio n time

This can have a signi�cant impact o n measurements when the measurements invo lved are

very sho rt (less than a seco nd)

Measuring temperature
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Temperature is measured with a thermo meter o r digital pro be

Labo rato ry thermo meters usually have a precisio n o f a half o r o ne degree

Digital temperature pro bes are available which are mo re precise than traditio nal thermo meters

and can o ften read to  0.1 C

Traditio nal thermo meters rely upo n the unifo rm expansio n and co ntractio n o f a liquid substance

with temperature; digital temperature pro bes can be just as, if no t, mo re accurate than traditio nal

thermo meters

The units o f temperature are degrees Celsius (º C)

Measuring length

Rulers can be used to  measure small distances o f a few centimetres (cm).

They are able to  measure to  the nearest millimetre (mm)

The standard unit o f length is metres (m)

Larger distances can be measured using a tape measure

Many distances in chemistry are o n a much smaller scale, fo r example, a typical ato mic radius is

aro und 1 x 10 m, so  canno t be measured in this way

When measuring length it is impo rtant to  take no te o f the units that are being measured

1 cm is 10 mm

100 cm is 1 m

A ruler can measure distances to the nearest mm

Making counts

This o ften invo lves  taking co unts o f  cells, by co unting the cells in a kno wn vo lume o f a culture,

the co ncentratio n can be assessed

Direct co unting metho ds  o f cells include micro sco pic co unts using a hemo cyto meter o r a

co unting chamber

A hemo cyto meter wo rks by creating a vo lumetric grid divided into  di�erently siz ed

cubes fo r accurately co unting the number o f particles in a cube and calculating the

co ncentratio n o f the entire sample

Co unting the number o f cells in a culture can also  be carried by a metho d kno wn as a streak

plate, this invo lves plating a kno wn vo lume o f  the cell culture o nto  a petri dish with a gro wth

medium

o
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Direct co unting metho ds do  no t require highly specialised equipment sp are easy to

perfo rm but they can be quite time co nsuming

Much o f eco lo gy invo lves co unting o rganisms

Co unting here can be di�cult as many o f o rganisms invo lved ma mo ve, o r are inco nspicuo us

Accurate co unts are rare and so  po pulatio n sampling is carried o ut

Mo st co unts are asso ciated with erro rs due to  the siz es o f the po pulatio ns o r mistakes

being made in detecting individuals o r direct erro rs in co unting such as large gro ups

misco unted o r individuals misidenti�ed

Drawing annotated diagrams from observation

To  reco rd the o bservatio ns seen under the micro sco pe (o r fro m pho to micro graphs taken) a

labelled bio lo gical drawing is o ften made

Bio lo gical drawings are line pictures that sho w speci�c features that have been o bserved when

the specimen was viewed

There are a number o f rules/co nventio ns that are fo llo wed when making a bio lo gical drawing

Yo u can read in mo re detail the abo ut drawing anno tated diagrams fro m o bservatio ns here

Making appropriate qualitative observations

Classifying o rganisms is an example o f making qualitative o bservatio ns

In qualitative classi�catio n, data can be classi�ed based o n attributes such as sex, co lo ur o f fur,

number o f limbs

The attribute being o bserved canno t be measured so  it is classed as qualitative data

Applying Techniques in Biology

Applying Techniques in Biology

There are a large number o f scienti�c techniques  that can be used to  make o bservatio ns  o f a

range o f o bjects fro m bio lo gical mo lecules to  living o rganisms

Use the links belo w to  �nd details relating to  these required techniques which are co vered

thro ugho ut the Bio lo gy co urse: 

Paper o r thin layer chro mato graphy

Co lo rimetry and serial dilutio ns

Physical and digital mo lecular mo delling

A light micro sco pe and eye piece graticule

Preparatio n o f tempo rary mo unts

Identifying and classifying o rganisms

Using a variety o f sampling techniques/using rando m and systematic sampling

Karyo typing and karyo grams

Clado gram analysis

Fo r each o f these yo u need to  be able to  describe their purpo se  and explain ho w to  carry o ut

the techniques 
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