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What is Automation 

 

• Use of laboratory instruments & specimen processing equipment to 

perform clinical laboratory assays with only minimal involvement of 

technologist.  

 

• The International Union of Pure & Applied Chemistry (IUPAC) 

define automation as "The replacement of human manipulative 

effort & facilities in the performance of a given process by 

mechanical & instrumental devices that are regulated by 

feedback of information so that an apparatus is self-monitoring 

or self adjusting”. 



 

Advantages to automating procedures 

 
• Increase the number of tests performed by one individual in 

a given time period (short turn around time)….speeds up the 
result. 
 

• Man Power is decreased during the mechanical and 

repetitive part of an assay. 
 

• To minimize the variation in results from one individual to 

another (for accuracy, coefficient of variation is reduced 

hence the reproducibility increases). 
 

•  The quality of patients test results is monitored 

continuously for improvement of testing process. 

•   

 



• Eliminates the potential errors of manual analysis. 

•  A very small amounts of samples and reagents 

subsequently allowing less blood to be drawn from each 

patient.  

• In addition, the use of small amounts of reagents 

decreases the cost of consumable. 



Classification of Automatic Analyzers 

According to degree of automation 

• Semi-automatic 

• Fully Automatic 

According to the way which samples and reagents are 

transported 

• Batch (discrete) 

• Continuous 

 Segmented 

Un-segmented 

• Robotics 

According to the number of analyte per sample 

• One parameter 

• Multi-parameter 



According to flexibility 

• Specific 

• Flexible 

According to source 

• Commercial 

• Hand-made 

According to the state of aggregation of sample 

• Gas analyzer 

• Liquid analyzer 

• Solid analyzer 

According to sample frequency 

• One-off 

• Periodic 

• Continuous 



Laboratory testing plays a crucial role in detection, 

diagnosis and treatment of disease, 

Clinical lab technicians performs complex chemical, 

immunological  haematological and microbiological tests. 

To assist clinicians in : medicine   

Confirming or rejecting a diagnosis  

 Providing guidelines in patient management 

Establishing a prognosis  

Detecting disease through case finding or screening   

Monitoring follow-up therapy 



With the advancement of automation and use of 

computerized technology, work of technicians become 

highly advanced and more technical. 

The systematic study of biochemical processes associated 

with health & disease 

Measurement of constituents in body fluids or tissues to 

facilitate diagnosis of disease. 

 

• Specimens or samples are  analyzed  

• Substances in them are measured or  quantitated. 

 



Substances measured in serum fall generally  into the 

following categories :  

A.  Substances normally present with a function in the 

circulation – 

   Electrolytes     TG,  

  Cholesterol     Hormones  

  Vitamins     Glucose  

  Total Protein   Albumin  

   

B. Metabolites- nonfunctioning waste products in the 

process of being cleared  

  Urea      Creatinine  

  Uric acid     Ammonia  

  Bilirubin 



C. Substances released from cells as a result of abnormal 

permeability or cell damage or abnormal cellular 

proliferation  

 Enzymes such as LD, ALT, AST, CK, AMY, GGT, ALP 

& ACP  

 Ferritin  

 

D. Drugs & toxic substances    

 

 Antibodies    Substances of abuse 

Therapeutic drugs    Poisons 



Semi-automated Biochemistry Analyzers 

• Based on the Lambert & Beers’s law of photochemistry.  

• This law relates absorption of light to the properties of the 

medium through which it travels.  

Beer’s Law: When monochromatic light (light of a specific 

wavelength) passes through a solution there is usually a 

quantitative relationship between the solute concentration 

and the intensity of the transmitted light. 

   

• Thus the concentration of coloured solute in a solution may 

be determined in the lab by measuring the  ABSORBANCY 

OF LIGHT AT A GIVEN WAVELENGTH.  



Lambert’s Law: Lambert described how intensity changes 

with distance in an absorbing medium i.e.  

•The amount of light absorbed by a medium (solution 

/sample) at a given wavelength is proportional to thickness of 

the absorbing layer : path length of the light. 

Lamberts and Beers law combines these two laws and 

correlates the absorbance to both concentration as well as to 

the thickness.  

 

 

 



Beer & Lambert’s Law: Relates the absorption of 

light to the properties of the material through which the light 

is travelling 

States that,  

 Absorbance (O.D.)  α  concentration of absorbing species in 

the solution and the path length.  

•There is a logarithmic dependence between the transmission 

(transmissivity) T of light through a substance & the  

product of the absorption coefficient of the substance, and the 

distance the light travels through the material (i.e. the path 

length), l. 

                          log I0/It = εcl = A 



Where 

I0 = the intensity of incident light 

It = the intensity of transmitted light 

ε = molar absorptivity/molar extinction coefficient in cm2 mol-1 

c = concentration in mol/L 

l= path length in cm 

A= absorbance 
 

In determining the concentration of solution absorbing in UV  

or visible region. If we have a standard solution  

Absorbance of std. soln is As & Conc. is Cs 

              As = ε Cs l         or       As / Cs = ε l  

  



Now, to find out concentration of test solution 

 

Absorbance of test solution is   Au  

Concentration of test solution is  Cu 

              

    Au / Cu = ε l  

 

Comparing both the equations:  

       As / Cs = ε l                    &             Au / Cu = ε l  

 

Cu = Au / As   x  Cs 

Thus presence and concentration of dissolved substance is 

analyzed by passing light through the sample 

 



Spectroscopy 
•Spectroscopy deals with the production, measurement and 

interpretation of spectra arising from the electromagnetic 

radiation with matter. 

 

•Spectroscopes measures electromagnetic emission 

 

•Electromagnetic spectrum of energy: the gamma rays 

(wavelength <0.1 nanometers) to radio waves (wavelength 

>250 millimeters) 

 

•Spectroscopy deals with: ultraviolet (180-380 nm); visible 

(380-800 nm) & infrared (0.8 to 50 micrometers) 



Spectrophotometry 
•An instrument that measures the amount of light of a 

specified wavelength that passes through (is transmitted 

through) a sample. 

 

Components of Spectrophotometer 
•Light source (UV & visible) 

•Optical system/wavelength selector (monochromator) 

•Sample containers 

•Detector 

•Output: signal processor & readout 

 

 





•Spectrophotometers measure electromagnetic absorption 

based on Beer & Lambert’s Law. 
•It produces the light of desired wavelength which passes 

through the tube & reaches photometer that measures its 

intensity. 

•Photometer produces a voltage signal to a display device, 

usually a galvanometer. 

•As a amount of light absorbed by the liquid changes; the 

signal also changes. 

•A concentration of a substance in solution can be measured 

by calculating the amount of absorption of light at the 

appropriate wavelength or a particular colour. 



•Reading of spectrophotometer : (Number)- Absorbance 

that is directly proportional to the colour intensity & also 

the concentration of the species responsible for the colour. 

•To use absorbance for analytical purposes, a calibration 

curve must be generated by measuring the absorbance of 

several solutions that contain known concentrations of 

analyte. 





Implications of Beer-Lambert Law 

The absorbance (A) becomes linear with the concentration 

(C; number density of absorbers) 

Thus, if the path length and the molar absorptivity are 

known; and the absorbance is measured as  the 

concentration of the substance. 

•As concentration ( C) increases, light absorption (A) 

increases linearly. 

•As concentration ( C) increases, light  transmission (T) 

decreases exponentially (inversely) 





De iatio  of Beer La bert’s La  

•Deviations in absorptivity coefficients at high    

concentrations (>0.01M) due to electrostatic interactions. 

•Changes in refractive index at high analyte concentration 

•Scattering of light due to particulates in the sample. 

•Fluorescence or phosphorescence of the sample 

•Non-monochromatic radiation 



 In many manual methods of analysis, much time is 

consumed in- 

Volume measurement  

Dilutions using pipettes, burettes, volumetric flasks or 

measuring cylinders 

Measurements of absorbance by conventional 

spectrophotometric cells. 

• In semi automated analyzers→automatic dispensing and 

diluting equipment.  

• Modules can be linked so as to perform two or more 

functions simultaneously or in sequence.  



• Absorbance measurements have been automated by 
replacing the conventional spectrophotometer cell. 

• Flow-through cell are being used in conjunction with 
dispenser module. 

• Temperature fluctuation is minimal, since both samples 
& calibration solutions are subject to the same fluctuation. 

• In the semi-automatic system this period of time is very 
much shorter and the effect consequently reduced.  

• Robust and relatively inexpensive.  

• Wear is negligible and precision can be maintained over 
long periods of time. 

•   



 

Components of Semi automated Analyzers 

Aspiration system: 

• Peristaltic pump: Sipping volume programmable 

• Minimum sampling volume: 500 μl 

Reading system 

 A . Flow cell 

– Window: quarts window 

– Capacity:  in μl, Light path: in cm 

 B. Cuvette 

– Capacity: 500 μl 

 

 



 

Main board: Supplies power to light source, thermal printer 

& heating cooling device,  connects amplifying board, 

touch screen, motor of chopping wheel, inverter, 

temperature sensor of flow cell, data line of printer, data 

line of LCD and fan etc. 

 

Optical system 

• Light Source: Quarts Halogen Lamp 

• Chopping wheel 

• Spectral Range : 340~670nm, 7 filters 

• Automatic filter wheel and its motor, usually more than 6 

positions filter wheel; & one positions for optional filters 

• Flow cell & Amplifying board 

• Heating/cooling device. 



Motors: 

• Peristaltic pump motor, powered by a +12v supply 

• Filter wheel motor, powered by a 12V supply. 

Detector: Photo diode (320-1000 nm).  

Operator Interface 

• The LCD and the touch screen are two separate parts.  

•  The touch screen is fixed on the LCD or membrane 

keyboard, for direct function & alpha-numeric entry 

•  High contrast graphical LCD display. 

•  Real time clock, 24 hours system 

Printer: Thermal printer  



Memorizer(Memorizing System): 

• Software for guiding menus in a logical & intuitive way 

• Testing parameters can be programmed, including testing 

method, wavelength, temperature, unit, reference value 

range, delay time & testing time, sipping volume, decimal 

digits, S.D., QC target value of each parameter. 

• Factor can be displayed, stored & revised freely & used for 

further testing. 

• Software simplicity and accessibility varies with 

instruments 



Testing methods: 

End-point chemistry:  

This method is employed for estimation of analytes , which 

would be completely consumed in the reaction. 

Absorbance of the reaction mixture (colored or non colored 

complex) is measured just once at the end of reaction 

period at one (monochromatic) or two (bichromatic) 

wavelength.  

No further change in absorbance would occur even if the 

conversion of analyte being measured. 

Calibration is based on the use of standards (one or 

several) or programmed factor. 

 

 

 

 



Kinetic chemistry:  

To measure the concentration of enzymatic activity. 

  Measurement of difference in absorbance between two 

points over a period of specified time during the progress 

of reaction.  

The assumption is that a constant amount of product is 

produced during the time interval being monitored. 

Usually reaction time is short to avoid any danger of 

enzyme degradation.  

 Samples absorbance can be indicated real time. Reaction 

curve is displayed automatically. 

Calibration can be based on use of a standard / 

programmed factor. 

 



Kinetic chemistries could be classified as: 

 Increasing type: In this type, the reaction proceeds in 

positive direction, where in, the initial absorbance is always 

lower than the latter absorbance. e.g. ALP, LDH, Amylase, 

Lipase, Ck-MB etc. 

Decreasing type: This type of chemistry is also called as 

the negative direction type. 

The difference between a latter point of absorbance & an 

initial point of time is always negative. e.g. AST, ALT 
 

Fixed time chemistry 

        Absorbance of reaction mixture is read twice.  

Time interval is optimized in such a way to minimize the 

interferences with the test analytes from other analytes in 

the serum sample. 



Calibration can be based on use of standards (one or 

several) or programmed factor. Fixed time chemistries be of 

2 type: 

Increasing type: This could also be called as fixed time 

chemistry progressing in positive direction, final absorbance 

of reaction is always higher than the initial absorbance.  

The difference between the final and initial absorbance, 

called as delta absorbance is always positive. e.g. Creatinine 

Decreasing type: This could also be called as fixed time 

chemistry progressing in negative direction.  

 Initial absorbance of reaction is always higher than final 

absorbance.  

The difference between final and initial absorbances, called 

as delta absorbance & is always negative. e.g. Urea 



Advantages of semi-automated analyzers: 
 

• Semi-automated methods of analysis are faster, more 

precise and less boring for the analyst than manual method  

• It can follow recommended manual procedures more closely 

than can the fully automatic procedure.  

• Large or small numbers of samples can be handled with 

equal ease  

• Analysis time is often shorter than that taken by automatic 

systems of the continuous flow type.  

• The most suitable system of analysis to use, but it may be a 

compromise between speed, cost and precision.  



• In some cases combination of semi-automatic and fully 

automatic systems may be the most convenient.  

• Furthermore, semi-automatic methods offer the operator 

greater sense of involvement and therefore more job 

satisfaction. 

 

 



Trouble shooting 
Analyzer can not be started 

Check whether the instrument is switched on 

Check whether the power plug is loosened 

Check the fuse 

Check the power supply.  
 

 Printer can not be started 

Check whether the power plug is loosened 

Check ON/OFF button of printer. —— 

Check the fuse of printer 
 

The lamp is not lighted 

Check power supply before changing bulbs 

 If the lamp is damaged, then change lamp 

 



Printer can not print 

Check whether it is normally connected.  
 

There is no fluid in the Flow-Cell 

Check whether peristaltic pump is normally running 

Check the connection of aspiration tube & flow-Cell, etc. 

Aspiration tube is too long or too short. 

Aspiration tube may be blocked, and it should be cleared 

and dredged 

 Flow-Cell is very dirty. 
 

There is no reading on the photometer 

Check whether the lamp of photometer is lighted 

Try another wavelength to read 

 Flow-Cell is not inserted to the bottom.  

 



The Deviation of water blank is too big  

Clean Flow-Cell 

Change new distilled water 

Check the lamp of photometer 

 

The aspiration volume of Flow-Cell not stable: 

Check whether aspiration tube is blocked 

 Peristaltic pump tube should be changed.  
 

 

 



 

The result reproducibility is low 

 Small absorbance change → polluted flow cell →clean flow 

cell 

 Large absorbance change → leakage , blockage, bubbles 

inside the Flow-Cell → clean or replace the flow cell 

 No aspiration → disconnected window or leakage → check 

the aspiration condition of Flow-Cell 
 

The amount of reagent is too little, and the volume should 

be increased 

Change the lamp of photometer 

Reaction fluid is polluted 

The aspiration tube has been inserted too deep into the 

Flow-Cell, pull it out slightly 

 



Quality control out of target value range 

Check the valid date of reagent 

Check whether the settings are correct, and whether it 

need revise parameters 

Make sure quality control is not polluted 

Measure again with another reagent or quality control to 

test again.  



Thank You 



        Spectrophotometry 

• A photometer (a device for 

measuring light intensity. 

• Measure intensity as a 

function of colour / 

wavelength of light. 

• Tungston or Xenon 

flashlamp as the source of 

white light 

• Tungston lamp for 

measurement in visible 

range (360-900 nm) 

• Hydrogen/deuterium lamp 

- UV region (200-380 nm) 

 

              Colorimetry 

• The measurement of colour  

• Any technique used to 

evaluate an unknown colour 

in reference to known 

colours. 

• It determines colour based on 

the red, blue and green 

component of light absorbed 

by the sample. 

• Coloured light beam through 

an optical filter, which 

transmits only one particular 

colour / band of wavelengths 

of light to the photo detector. 



 On-Board Quality Control: 

•  QC results are stored in memory & are clearly displayed. 

• The software calculates the mean, SD & CV. 

• Validation and a display of the Levey-Jenning plot are also 

included 

    Temperature control: By Peltier effect, with the temperature 

selectable 25℃, 30℃, 37℃. 

    Power supply 

– Voltage : 220V±20% 

– Frequency: ~ 50Hz 

– Power: Max 100VA 

   Ambient conditions: 

– Temperature: 10～35℃ 

– Hu idity: ≤80% 
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Terms/Parameters 

Transmittance: The passing of light through a solution. 

• Ratio of the intensity of light emerging from the solution 

(It) to that of incident light entering (I0) 

• The amount of light penetrating into the solution is termed 

as transmittance and is expressed as the ratio of the 

intensity of the transmitted light (It) and intensity of the 

incident light beam (Ii).  

     T = It / I0     

        T = Transmittance;  It = Transmitted light intensity;  

        I0 = Original light intensity 

 

 



% Transmittance: The manner in which a 

spectrophotometer reports the amount of light that passes 

through a sample 

% Transmittance (T) = 100 x It / I0  

Absorbance: Amount of light absorbed by a sample ( the 

amount of light that does not pass through or reflect off the 

sample) 

Absorbance Units: A unit of light absorbance determined 

by the decrease in the amount of light in a light beam. 

Absorbance Spectrum: A graph of a sa ple’s a sor a e at 
different wavelengths 

Lambdamax: The wavelength that gives the highest 

absorbance value for a sample. 

 


