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Experiment 3 

Use of Micropipettes - (Accuracy vs Precision) 

Introduction 

Success in the biochemistry lab will come with your ability to choose and use various 

devices for measuring volumes. Accuracy and precision are fundamental in the field of 

biochemistry because reproducibility is a must and measured volumes are extremely 

small. You are already familiar with how to read accuracy of simple laboratory 

glassware (i.e., graduated cylinder) and the more complicated burette. You are now 

going to begin use with a new measuring device known as an adjustable micropipette. 

 

These devices are expensive and somewhat delicate. To obtain accurate and precise 

data, correct operation of the micropipettes is essential. For this reason, we are going to 

start the course with an exercise to familiarize everyone with the micropipettes. 

 

I. Objective: to learn how to use adjustable micropipettes and maintain two things: accuracy 

and precision.  

 

A. Parts of a micropipette  

The volume indicator consists of three 

number dials and is read from bottom to 

top. The digits on dial display indicate 

the volume selected.  
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B.  Different sizes of micropipettes  

The micropipettes in this laboratory come in three different sizes each of which 

measures a different range of volumes. The three sizes are P10, P50 and P1000. 

Micropipette are named based on the upper range volume. 

 

Micropipette Size Lower – upper volume range 

P-10  0.5-10μl 

P-50  5-50μl  

P-1000  100-1000μl 

 

 

 
Volume is read from bottom to top. 

 

Most micropipettes are adjustable and can deliver variable volumes (e.g., P-1000 can 

deliver 500, 735, 945µl) depending on the volume set by the user. Variable volume 

micropipette comes with different ranges and upper & lower limits of measurement. In 

such cases, error percentage may vary as per the measured liquid. Trying to dispense 

less than the lower value of the range will result in inaccurate liquid measurements, 

whereas trying to dispense over the upper range will completely fill the tip and allow 

the liquid to enter into the pipette body. 
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C. Accuracy and precision 

Accuracy depends on the micropipette delivering the correct volume. Precise results 

are reproducible. Imagine that four students try to hit the bulls-eye five times. Students 

A and B are precise, while students A and C are accurate. 

 

Manufacturers determine the accuracy and precision of micropipettes by using them to 

transfer defined volumes of distilled water that is then weighed on an analytical balance. 

This is called the gravimetric method which determines the delivered mass of distilled 

water at a reference temperature (25˚C), given that the density of water is 1.0 gram per 

mL at 25˚C. This means that every (µl) should weigh exactly 0.001g. 

1 g → 1000 µl  

?? → 1 µl                      X= 1/1000= 0.001g 

?? → 500 µl                  X= 1*500/1000= 0.500 g 

 

The process is repeated several times during the calibration process, and the data is used 

to calculate the accuracy and precision of a micropipette.  

 

Accuracy: is the closeness of the dispensed volume to the true (standard/nominal) 

volume as set on the pipette. Accuracy is expressed as mean error or % error, the percent 

by which the mean value of a large number of replicate measurements of the same 

volume will deviate from the expected or “true” volume. 

 

The accuracy of these micropipettes is determined by the factory calibration as shown 

in Table 1 and checked gravimetrically using distilled water and an analytical balance. 
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Average (mean)= sum of all values/total number of values 

 

% Error (%Accuracy) = 
|Experimental Value−Standard Value|

Standard Value
 *100 

 

 

 

 

 

 

 

Precision: Precision provides information about reproducibility of your measurements 

and refers to as the “scatter” of individual measurements around the mean of replicate 

measurements, without any reference to a standard.  % Relative Standard Deviation 

(%precision) is usually used to express how precise is your data. Sometimes it is called 

coefficient of variation (cv%). 

 

Standard deviation (SD) = σ =   
 

 

% RSD (% Precision) = 
sample standard deviation

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑚𝑒𝑛𝑡 
 * 100 

where Xi is one of n individual values in the data set, and X̄ is the data set’s mean 

(average) value. The %precision is used to calculate the accuracy and precision of a 

micropipette, which is determined by the factory calibration as shown in Table 1. 

 

 

 

 

 

 

https://andyjconnelly.files.wordpress.com/2017/02/accuracy_eqn.png
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Table 1: Calibration guidelines for the listed pipettes from the International 

Organization for Standardization’s (ISO) - EN ISO 8655. 

 

 

 

A well calibrated pipette will give better accuracy and precision than these limits, but 

these values represent a ‘worst case scenario’ for a calibrated pipette.  Accepted 

accuracy% and %precision limits for values of volumes within the numbers stated in 

the table are within the limits of that of the highest and lowest volume for that 

micropipette.  

 

For example a volume of 80µL, the accepted accuracy% sets between 0.8 and 1.6%, 

whereas accepted precision% sets between 0.3 and 0.6% (if less values are obtained, it 

is even better). 

 

 

Example 1:  calculate the SD of the following data set (84, 84, 89, 91, 110, 114, and 

116)? 

https://andyjconnelly.files.wordpress.com/2017/02/accuracy_precision.png
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Mean = 84+84+89+91+110+114+116) ÷ 7= 98.3 

 

Standard deviations are very sensitive to extreme values (outliers) in the data. For 

example, if the highest value in the dataset had been 150 instead of 116, the SD would 

have gone up from 14.4 to 23.9.  

Example 2: For results of 1000µl pipette set to 900µl I got: 

• 910µl, 887µl, , 882µl, 902µl, and 921µl. 

• Mean=900.4 µl 

• Sample standard deviation = 16 

 

 

 

 

 

 

 

 

Accuracy:  Comparing this to Table 1 this is well within calibration limits. 

 

 

 

 

 

Precision:  This is above the calibration limits shown in Table 1 so this pipette should 

not be used as the results are very variable between pipetting. However, it could also 

be poor pipetting technique! So, it may be worth checking with someone else. 

 

 

https://andyjconnelly.files.wordpress.com/2017/02/precision_eqn.png
https://andyjconnelly.files.wordpress.com/2017/02/accuracy_eqn.png
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D. How to use a Micropipette (Operation of the Microliter Pipette):  

 

1. Set the volume by turning the volume adjustment knob at the end of the pipette until 

the correct volume shows on the indicator.  

Note: Never go above or below the range of the pipettor! Know these ranges at all times.  

2. Attach a new disposable tip to the pipette shaft. Press firmly with a slight twisting 

motion. Make sure you are using tips of the correct size for each pipette.  

3. to aspirate the liquid in the tip, press the plunger to the first stop. This part of the 

stroke is the calibrated volume displayed on the digital volume indicator. Do not press 

the plunger all the way down, or you will draw up too much solution.  

4., immerse part of the disposable tip into the sample.  

5. Allow the push-button to return slowly to the up position. Never let it snap up! (If it 

does happen, tell a TA so that the microliter pipettor may be dismantled and cleaned to 

prevent corrosion and the contamination of your succeeding samples.) Do this slowly 

and keep the tip submerged in the solution to prevent any air bubbles from entering the 

tip-this will mess up your volume measurement.  

6. Wait a few seconds to ensure that the full volume of sample is drawn into the tip.  

7. Withdraw the tip from the sample liquid. You should observe the liquid in each type 

of tip with each pipettor so that you can become aware if there is a significant problem 

with the pipettor. This is an incredibly important part of the technique and becoming 

efficient at pipetting small volumes.  

8. To dispense the liquid, touch the tip end to the sidewall of the receiving vessel and 

depress the plunger slowly to the first stop. Wait two seconds. Then press the plunger 

to the second stop (the bottom stroke), expelling any residual liquid in the tip.  

9. With the plunger fully depressed, withdraw the microliter pipettor from the vessel 

carefully, with the tip sliding along the wall of the vessel.  
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10. Allow the plunger to return slowly to the up position.  

11. Discard the tip. You want to use a different tip each time you are 

gathering/dispensing different materials. If you don’t do this, your concentrations of 

solutions will be inaccurate, and as a result, so will your data.  

Note: To prevent liquids from being drawn into the microliter pipettor shaft pipette 

slowly and never invert or lay microliter pipettor on its side with liquid in the tip. 

 

The plunger will stop at two different positions when it is depressed. The first of these 

stopping points is the point of initial resistance and is the level of depression that will 

result in the desired volume of solution being transferred. The second stopping point is 

when the plunger is depressed beyond the initial resistance until it is in contact with the 

body of the pipettor. At this point, the plunger cannot be depressed further. This second 

stopping point is only used for the complete discharging of solutions from the plastic 

tip.   

 

E. Safeguards for a pipette. (INFORM YOUR INSTRUCTOR 

IMMEDIATELY). 

Each micropipette is very expensive. To keep these pipettors functioning properly it is 

important that they be handled with care. Please follow these rules to keep from 

breaking the micropipettes  

 

1. Never adjust the volume beyond the range of the micropipettor. No micropipette 

should be adjusted below zero µl. The P20 should never be adjusted above 20µ, the 

P200 over 200 ul and the P1000 over 1ml.  
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2. Never force the volume adjustor dial. If the knob becomes difficult to adjust it 

probably means that you are exceeding the limits for the pipette or the pipette is 

damaged. Please report the problem to the instructor or TA.  

3. Keep the pipette clean and unclogged at all times. If you feel excessive resistance 

when you depress or release the plunger, then the pipette is clogged and needs to be 

cleaned. 

4. Do not drop the micropipettes. 

5. Always use a smooth motion when using the pipetters. This will help give you 

accurate measurements and also prevent breakage of pipettes.  

6. Always choose to appropriate size pipette for the volume you are measuring. 

7. Always dispose of tips in appropriate waste containing.  

 

F. Procedure: Calibrating and Using a Micropipette and the Mass of Water 

In this experiment you will learn to use the adjustable micropipettes of various sizes 

and measure their accuracy, precision, and calibration.  Pipette a known volume of 

degassed water onto a balance and weight it. With the digital top loading balance in our 

laboratory. 

1. Place a weighing dish on a balance and tare it.  

2. Pipette 750 μL using the correct model of pipette 4 times into the weigh dish and 

record the mass.  

3. Pipette 50 μL using the correct model of pipette 4 times into the weigh dish and 

record the mass.   

4. Pipette 10 μL using the correct model of pipette 4 times into the weigh dish and 

record the mass.   

5. To save time and materials, just tare the balance between each addition of the defined 

volume of water. Make sure that the balance shows 0.000g before adding any additional 

water.  

6. Record these values in the report sheet table and determine the average and standard 

deviation.  If your value is accurate and precise as determined by the standard values, 

you will have successfully completed the exercise.   
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Pipetting accurately and precisely is a major component to getting good data in this 

course.    

How Pipetting Technique Contributes to Error 

• Tip Wiping. Unnecessary tip wiping can lead to material loss. 

• Choosing the Wrong Pipetting Mode. ... 

• Working Too Quickly. ... 

• Pipetting at an Angle. ... 

• Using the Wrong Pipette Tips 

• If at any time a pipette is dropped or for any reason you suspect the pipette is 

not functioning properly INFORM YOUR INSTRUCTOR IMMEDIATELY.  

 

YouTube link: 

https://www.youtube.com/watch?v=5ecmMl-VsTo 

 

* Regarding your lab report: 

At the end of the lab session, submit your pre- lab report as well as your 

measurements/ readings to the instructor so that they can be recorded for you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=5ecmMl-VsTo

