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PRINCIPLES OF INSTRUMENTATION AND EQUIPMENT OPERATION

INTRODUCTION ( 5 MIN)

ATTENTION:

MOTIVATION:

OVERVIEW:

4a  Identify principles of spectrophotometry and spectrophotometric calculations.
  (1)  Characteristics of light

  (2)  Functions of components of spectrophotometers

  (3)  Absorbance and percent transmittance

  (4)  Beer’s Law

  (5)  Calculations

    (a)  Analytical curves

    (b)  Cu = Au x Cs x Vs x 100

                              As                    Vu

4b.     Identify principles, components, and operational steps of a flame photometer.

  (1)  Principle

  (2)  Components

  (2)  Operational steps

4c.     Identify principles, components, and uses of a fluorometer to include fluorescence polarization.  

     (1)  Principles

     (2)  Components

     (3)  Uses

4d.  Identify principles, components, and application of an atomic absorption spectrophotometer

  (1)  Absorption of light 

  (2)  Components

  (3)  Applications for trace metal analysis

4e.  Identify principles, component parts and operation steps of electrochemistry instruments

  (1)  Ion specific electrodes

  (2)  Coulometry - choloridometer

4f.  Identify the principles of blood gas instrumentation, the steps in specimen handling, and the   operation of the blood gas analyzer.

  (1)  Instrumentation

  (2)  Specimen handling

  (3)  Blood gas analyzer operation - dependent on manufacturer

4g.  Identify the principles, components, and applications of electrophoretic instruments.

  (1)  Principles

  (2)  Components

  (3)  Uses

4h.  Identify the type, principles, and applications of chromatography.

  (1)  Thin-layer and paper

  (2)  Column (ion exchange)

  (3)  Gas high pressure

4I.     Identify the types and principles of operation for osmometers.

  (1)  Freezing point instrument

  (2)  Vapor pressure instrument

4j.   Identify the principles and methods of immunochemical techniques (RIA, EIA, FIA).

  (1)  Antigen labeling

  (2)  Antibodies

  (3)  Competitive binding

  (4)  Label detection 

4k.  Identify principles of operation for automated chemical analyzers
  (1)  Discrete chemical analyzers

  (2)  Continuous flow analyzers

  (3)  Centrifugal Analyzers

  (4)  Batch analyzers

  (5)  Profile analyzers

  (6)  Random access analyzers

PRINCIPLES OF INSTRUMENTATION AND EQUIPMENT OPERATION

BODY (   MIN)

PRESENTATION:

4a.     Identify principles of spectrophotometry and spectrophotometric calculations.
  (1)  Characteristics of light

    (a)  Kinetic energy - energy of motion

    (b)  Radiant energy

      1  Requires no medium for transfer

      2  Composed of electromagnetic waves

    (c)  Wavelength

      1  Light differentiated by length of wavelength

      2  Measured as distance from peak to peak or

        trough to trough

      3  Wavelength commonly expressed in terms of

        nanometers ( 1 x 10-9 meters )

    (d)  Visible light

      1  Detectable by the human eye

      2  Occurs in range of 400 - 800 nm

      3  Monochromatic light - light of one

        wavelength and one color

      4  Polychromatic light - light of more

        than one wavelength ( white light )

    (e)  Clinically significant invisible wavelengths

      1  Ultraviolet - range  of 10 - 400 nanometers

      2  Near Infrared - range of  800-2500 nanometers

    (f)  Commonly used wavelengths in Clinical Lab

      1  Ultraviolet region

      2  Visible region

(2)  Functions of components of spectrophotometers

    (a)  Light source

      1  Range - visible or near ultraviolet - tungsten lamp

      2  Range - ultraviolet - hydrogen discharge lamp

    (b)  Monochromator - isolate specific wavelength of 

      light from source

      1  Diffraction grating - mainly used for ranges 

        near ultraviolet to near infrared

      2  Glass prism - for visible light, not refined 

        enough for ultraviolet range

      3  Quartz  prism - useful in transmitting within 

        visible and ultraviolet ranges

    (c)  Cuvettes - optically precise glassware in which 

      specimen is contained

      1  Round or square

      2  Glass or transparent plastic used from 

        320 - 1000 nm

      3  Transparent quartz cuvettes must be used 

        for ultraviolet work

      4  Newer spectrophotometers have flow cells 

        for multiple sample tests

    (d)  Photosensitive detector - used to measure intensity 

      of light transmitted

      1  Methods of measurement

        a  Kinetic Assay 

          1  continuous reading

          2  enzymes

        b  Fixed Time - endpoint reading

      2  Light intensity is converted into electrical signal

      3  Electric output is directly proportional to the 

        amount of light hitting the detector

      4  Measured with Barrier - Layer cells and 

        photovoltaic cells or photmultiplier tubes

    (e)  Readout system - accepts electrical signal from detector and processes into percent transmittance or absorbance reading

  (3)  Absorbance and percent transmittance - The principle 

    of spectrophotometer is the measurement of the 

    amount of light transmitted or absorbed by a colored solution

    (a)  Absorbance - Dependent upon the concentration 

      of absorbing particles and the distance the light 

      must pass through a solution

    (b)  Percent transmittance - Intensity of light passing 

      through solution

      1  Detector in spectrophotometer reads 

        percent transmittance

      2  Inverse logarithmic relationship to absorbance

  (4)  Beer’s Law - The amount of light absorbed by a 

    solution is proportional to the length of the light 

    path through the solution and to the concentration  

    of the colored component

    (a)  Length of light path is standardized by 

      spectrophotometer

    (b)  Applied definition - Concentration is directly 

      proportional to absorbance, and inversely 

      proportional to the logarithm of the light 

      transmitted

  (5)  Calculations

    (a)  Analytical curves - used to replace calculations 

      of spectrophotometric formula

      1  Concentration is always one axis

      2  Percent transmittance or absorbance on the 

        other axis

      3  Constructed by making serial dilution of 

        primary standard

    (b)  Cu = Au x Cs x Vs x 100  (As=Abs Std, Au=Abs Unk, Cs=Conc Std,
                              As                    Vu

      Cu=Conc Unk, Vs=Vol Std, Vu=Vol Unk

4b.     Identify principles, components, and operational steps of a flame photometer.

  (1)  Principles:  Energy supplied by a flame is used to excite

     the valence electrons in an atom.  When the energy is 

    removed from the atom, the electrons return to their 

    unexcited state.  In the process, energy is released in light 

    wavelengths characteristic to the atom being measured.  

  (2)  Components:  

    (a)  Sample dilution - 1:200 with lithium diluent

    (b)  Atomizer - draws sample through aspirator and 

      produces a fine mist

    (c)  Excitation by flame - accuracy requires frequent 

      standardization and proper warm-up procedure

    (d)  Emitted light measurement:

      1  Filters

      2  Photo tube - high quality monochromators 

        are required to differentiate between the 

        element being measured and light from non-

        ionic substances

      3  Internal standard :

        a  added to all blanks, standards, and unknowns

        b  light emissions of element being measured 

          is compared against emissions from internal 

          standard ( reference emission)

        c  Lithium is the standard of choice for Na and 

          K analysis

        d  Cesium also commonly used

  (3)  Operational steps

4c.  Identify principles, components, and uses of a fluorometer to include fluorescence polarization.

  (1)  Principles - energy emission that occurs when compounds 

    absorb electromagnetic radiation, become excited, and 

    return to energy levels slightly lower than their original

    energy levels

    (a)  Wavelength of emitted light is longer than the 

      absorbed light

    (b)  1000 times more sensitive than standard colorimetric 

      methodology

  (2)  Components

    (a)  Lamp or excitor source (ultraviolet light)

    (b)  Primary filter (monochromator)

    (c)  Secondary filter (monochromator)

    (d)  Photometer

  (3)  Uses - Useful in the measurement of drugs, catecholamines, 

    calcium, magnesium, tyrosine, and phenylalanine

4d.  Identify principles, components, and application of an atomic absorption spectrophotometer
  (1)  Absorption of light - Principle:  measures light 

    absorbed by ground state atoms (of a unique 

    wavelength)  - inverse of flame photometry

  (2)  Components

    (a)  Cathode

      1  Made of the same material to be analyzed

      2  Produces light of wavelength specific for 

        the metal the cathode is of

      3  Current to lamp is pulsed so light emitted 

        from lamp is at specified pulse rate

    (b)  Burner

      1  Dissociates element from its chemical bonds

      2  Places element in unexcited or ground state

      3  Light from ground state element in flame 

        absorbs portion of light emitted from cathode 

        lamp

    (c)  Monochronometer - Removes all light except 

      pulsed unabsorbed light from lamp

    (d)  Dilutor

      1  Hydrogen and air are mixed with sample 

        to be burned

      2  Sample is atomized before being burned

  (3)  Applications for trace metal analysis

(a)  Method of choice for trace metals

    (b)  Can detect only one element at a time e

    (c)  Highly sensitive and specific - 100 times more 

      sensitive than flame emission methods

4e.  Identify principles of operation, component parts and operation steps of electrochemistry instruments

  (1)  Ion specific electrodes - anions and cations are 

    measured due to selective permeability of certain 

    types of membranes

    (a)  Glass membrane - barrier made of specially 

      formulated glass with added oxides of various 

      metals.  Selective for hydrogen and alkali metals

      1  pH meters

      2  Na

    (b)  Ion exchange membrane - Barrier is liquid (inert 

      solvent).  Ions are carried across barrier by an 

      ion - selective carrier substance

      1  Ca

      2  K

    (c)  Solid State - Ion-selective barrier is crystal that 

      contains the ion being measured

      1  Serum Cl

      2  Sweat Cl

    (d)  Polarographic (o2)

      1  Dual measurement of current flowing through 

        and electrochemical cell and the electrical 

        potential between the two electrodes when the 

        potential is gradually increased at a constant 

        rate by means of an external voltage source

      2  Used in automated blood gas analyzers to 

        measure pO2
    (e)  Combination (CO2)

  (2)  Coulometry - choloridometer

(a)  Purpose - to determine concentration of chloride 

      in serum, CSF, and urine

    (b)  Principle:

      1  Specimen is place in acid medium

2  Direct current is passed between a pair of 

        silver generator electrode causing electro-

        chemical oxidation of the generator anode 

        to silver anions

      3  Chloride from the sample is bound to 

        silver ions

      4  The amount of chloride in the unknown 

        solution is equivalent to the silver ions 

        required to titrate the solution

4f.  Identify the principles of blood gas instrumentation, the steps in specimen handling, and the   operation of the blood gas analyzer

  (1)  Instrumentation

    (a)  ISE technology (Ion Specific Electrode)

    (b)  Four electrodes used

      1  pO2
      2  pCO2
      3  pH

      4  pH reference

  (2)  Specimen handling

    (a)  Drawn by specially trained personnel

    (b)  Arterial heparinized whole blood specimen

      1  Glass syringe

      2  Plastic syringe

    (c)  Capillary specimens

      1  Warm limb

      2  Heparinized capillary tube with metal 

        mixing wire

3  Tube sealed on both ends

      4  Specimen mixed using magnet

      5  Placed in glass test tube

    (d)  Transported on crushed ice to inhibit metabolism 

      of glucose (glycolysis)

      1  Decreased pH

      2  Increased pCO2 

    (e)  Anaerobically sealed

    (f)  Transported to laboratory within 15 minutes

  (3)  Blood gas analyzer operation - dependent on 

    manufacturer

4g.  Identify the principles, components, and applications of electrophoretic instruments

  (1)  Principles - Charged particles in an electrolyte solution

    will migrate towards and electrode (anode/cathode) 

    when electrical current is applied

  (2)  Components

    (a)  Buffer - pH of buffer effects direction and speed 

      of migration

    (b)  Support media

      1  Variety of gels used

        a  cellulose acetate

        b   acrylamide

        c      starch

      2  Agarose is preferred for Serum Protein 

        Electrophoresis

        a  consistent performance

        b  ease in handling

      3  Cellulose acetate

        a  Used without special preparation

        b  Wet cellulose is stronger and easy to 

          handle

        c  Very small quantities of sample needed

d  Short time required

e  Better resolution

    (c)  Power supply

      1  Provides constant current for set period 

        of time

      2  Causes migration of charge particles on 

        support media

    (d)  Densitometer

      1  Used to read and stain electrophoretic pattern

      2  Reported in terms of percentage of fraction 

        present or absolute concentration if total 

        concentration is known

      3  Curve drawn with peaks representing each 

        fraction

  (3)  Uses

    (a)  Serum proteins

    (b)  Hemoglobins

    (c)  Isoenzymes

4h.  Identify the type, principles, and applications of chromatography.

  (1)  Thin-layer and paper

    (a)  Chromatography defined - Techniques used to 

      separate mixtures of chemical compounds into 

      individual components based on differences in 

      their relative affinities for two different media 

      (mobile phase, stationary phase)

    (b)  Terms

      1  Mobile phase - fluid, solvent, or gas moving 

        analyte through system

      2  Sorbent - adsorbent or absorbent material

      3  Stationary phase - Sorbent attached to support 

        particles that binds analyte and retards its 

        movement

(c)  Principle - Different solutes move through absorption 

      media at different rates

1  Substances in a solvent are moved past a stationary 

        phase that will absorb different substances in 

        varying degrees

      2  The stronger a substance’s affinity for the stationary 

        phase, the slower its rate of movement will be

      3  Substances are separated due to different rates of 

        movement

    (d)  Paper - most commonly used for qualitative drug screening

      1  Stationary phase is s strip of absorbent paper

      2  Solution containing substances to be separated is 

        applied at end of strip

      3  End of strip with sample is dipped in solvent

      4  Solvent carries substance to be measured through 

        strip

      5  Reagent used to stain substances being determined

    (e)  Thin - layer

      1  Paper replaced by gel bound to glass plate

      2  Greater number of techniques available to 

        identifying separated substances

  (2)  Column (ion exchange)

    (a)  Uses ion exchange resin as a stationary phase

      1  Anion exchange resin - positively charged 

        particles bind anions

      2  Cation exchange resin - negatively charged 

        particles bind cation

    (b)  Mobile phase

      1  buffer solution

      2  ionization of sample by buffer determines 

        degree of binding with resin
    (c)  Uses

      1  Separation of ionic compounds such as 

        amino acids

      2  Removal of interfering ionic compounds

  (3)  Gas high pressure - substance being analyzed must 

    be in form of gas.  May require temperature or 

    pressure change

    (a)  Mobile phase is inert gas

      1  Helium

      2  Nitrogen

    (b)  Stationary phase is column of inert support 

      material and sorbent

      1  Gas-liquid chromatography - sorbent is 

        non-volatile liquid

        a  Silicone oil

        b  Polyglycol

      2  Gas-solid chromatography - sorbent is 

        porous solid of inert material

4I.     Identify the types and principles of operation for osmometers.

  (1)  Freezing point instrument - Osmolality of solution 

    is measured by depression of freezing point

    (a)  Freezing point of water is depressed 1.86 

      degrees centigrade when solute is added 

      to make a 1 osmolal solution

    (b)  Measurement of freezing point depression 

      provides estimate of effective number of 

      particles in solution

    (c)  Instrumentation

      1  Cooling bath to freeze specimen

      2  Thermistor - measures freezing point

  (2)  Vapor pressure instrument - Osmolality of a patients 

    sample is proportional to the depression of the 

    dewpoint of the water in the testing chamber

4j.  Identify the principles and methods of immunochemical techniques (RIA, EIA, FIA)

  (1)  Antigen labeling - Binding is not static and takes place in three 

        phases

    (a)  Occurs rapidly with the growth of complexes

    (b)  This is linked to the concentration of antibody 

      and antigen within the complex

    (c)  Complexes may cross-link yielding larger 

      complexes and may precipitate out of 

      solutions affecting several factors:

      1  pH

      2  Temperature

      3  Concentrations

  (2)  Antibodies - capable of binding specifically to a 

    wide variety of natural and synthetic antigens 

    (proteins, carbs, nucleic acids and liquids)

    (a)  IgG

    (b)  IgA

    (c)  IgM

    (d)  IgD

    (e)  IgE

    (F)  IgG - most prevalent

  (3)  Competitive binding - A variety of techniques have 

    been developed to measure either the bound or free 

    forms of the labeled ligand (small molecule is called 

    a ligand because it participates in the binding process)

  (4)  Label detection - Three types of common markers 

    are used to label ligands.  They are radioisotopes, 

    enzymes and fluorophores

    (a)  fluorophore label is the most common

    (b)  fluorescein is the most common fluorophore 

      label

4k.  Identify principles of operation for automated chemical analyzers
  (1)  Discrete chemical analyzers - most automated 

    chemistry analyzers

    (a)  Automated manual process without significant 

      changes

    (b)  Each test in separate tube or cuvette

    (c)  Batch or multiple test analysis

    (d)  Throughput describe the maximum number of 

      samples or tests that can be processed in one hour

  (2)  Continuous flow analyzers - many ISE analyzers

    (a)  Chemical reaction take place in continuously 

      moving fluid

    (b)  Sample and diluent introduced into stream at 

      preset intervals

    (c)  Protein separated by dialysis through semi-

      permiable membrane

    (d)  Peristaltic pump maintains movement of fluid

    (e)  Air bubbles segment stream to separate sample

  (3)  Centrifugal Analyzers
    (a)  Reagents, diluent, and samples are dispensed in 

      radially oriented wells

    (b)  Multiple number of radially aligned wells in 

      each rotor

    (c)  Number of specimens processed limited by 

      rotor size

    (d)  Mixing of specimen and reagents as rotor spun

    (e)  Reaction is read in outermost well (cuvette)

    (f)   Most operate in the batch mode

  (4)  Batch analyzers - only one type of test can be 

    performed at a time

  (5)  Profile analyzers - Multiple tests can be performed 

    simultaneously

  (6)  Random access analyzers

    (a)  Allow interruption of testing for additional 

      analysis

    (b)  STAT analysis

    (c)  Allows for selection of any test on any sample

APPLICATION:

EVALUATION:

CONCLUSION (5 MIN)

SUMMARY:

4a.     Identify principles of spectrophotometry and spectrophotometric calculations.  STS:  15a, 15e, 15g

  (1)  Characteristics of light

  (2)  Functions of components of spectrophotometers

  (3)  Absorbance and percent transmittance

  (4)  Beer’s Law

  (5)  Calculations

4b.     Identify principles, components, and operational steps of a flame photometer.  

  (1)  Principle 

  (2)  Components

  (3)  Operational steps

4c.     Identify principles, components, and uses of a fluorometer to include fluorescence polarization.  

         (1)  Principles

         (2)  Components

         (3)  Uses

4d.  Identify principles, components, and application of an atomic absorption spectrophotometer

  (1)  Absorption of light 

  (2)  Components

  (3)  Applications for trace metal analysis

4e.  State the principles of operation and identify the component parts and operation steps of   electrochemistry instruments

  (1)  Ion specific electrodes

(2)  Coulometry - choloridometer

4f.  Identify the principles of blood gas instrumentation, the steps in specimen handling, and the   operation of the blood gas analyzer.

  (1)  Instrumentation

  (2)  Specimen handling

  (3)  Blood gas analyzer operation - dependent on manufacturer

4g.  Identify the principles, components, and applications of electrophoretic instruments.

  (1)  Principles

  (2)  Components

  (3)  Uses

4h.  Identify the type, principles, and applications of chromatography.

  (1)  Thin-layer and paper

  (2)  Column (ion exchange)

  (3)  Gas high pressure

4i.  Identify the principles and components of osmometers.

  (1)  Freezing point instrument

  (2)  Vapor pressure instrument

4j.  Identify the principles and methods of immunochemical techniques (RIA, EIA, FIA).

  (1)  Antigen labeling

  (2)  Antibodies

  (3)  Competitive binding

  (4)  Label detection 

4k.  Identify principles of operation for automated chemical analyzers

  (1)  Discrete chemical analyzers

  (2)  Continuous flow analyzers

  (3)  Centrifugal Analyzers

  (4)  Batch analyzers

  (5)  Profile analyzers

  (6)  Random access analyzers

REMOTIVATION:

ASSIGNMENT:

