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CBC 

Hematology analyzers are used to count and identify blood cells at high 
speed and accuracy During the 1950s, lab technicians counted each 
individual blood cell underneath a microscope. Tedious and 
inconsistent, this was replaced with the first, very basic hematology 
analyzer, engineered by Wallace H. Coulter. The early hematology 
analyzers relied on Coulter's Principle (see Coulter counter). However, 
they have evolved to encompass numerous techniques 

 

Uses 
Hematology analyzers are used to conduct a complete blood count 
(CBC), which include red blood cell (RBC), white blood cell (WBC), 
hemoglobin, and platelet counts, as well as hematocrit levels. Other 
analyses include: 

 RBC distribution width 
 Mean corpuscular volume 
 Mean corpuscular hemoglobin 
 Mean corpuscular hemoglobin concentrations 
 WBC differential count in percentage and absolute value 
 Platelet distribution width 
 Platelet mean volume 
 Large platelet cell ratio 

https://en.wikipedia.org/wiki/Microscope
https://en.wikipedia.org/wiki/Wallace_H._Coulter
https://en.wikipedia.org/wiki/Coulter_counter


 Platelet criteria[6] 

 

Types 
3-Part Differential Cell Counter 

A 3-part differential cell counter uses Coulter's Principle to find the size 
and volume of the cell. 

5-Part Differential Cell Counter 

This type of hematology analyzer utilizes both Coulter's Principle and 
flow cytometry to determine the granularity, diameter, and inner 
complexity of the cells. Using hydrodynamic focusing, the cells are sent 
through an aperture one cell at a time. During this, a laser is directed at 
them, and the scattered light is measured at multiple angles. The 
absorbance is also recorded. The cell can be identified based on the 
intensity of the scattered light and the level of absorbance.[8] A 5-part 
cell counter can differentiate all WBC types (neutrophils, 
lymphocytes, basophils, eosinophils, and monocytes). 5-part analyzers 
are more expensive than 3-part analyzers, but provide more in-depth 
information about the sample. Specific jobs, such as allergy testing, 
require 5-part differential analysis. However, most medical tasks can be 
completed with the 3-part analyzer. 

 

 

 

https://en.wikipedia.org/wiki/Hematology_analyzer#cite_note-6
https://en.wikipedia.org/wiki/Granularity
https://en.wikipedia.org/wiki/Hematology_analyzer#cite_note-8
https://en.wikipedia.org/wiki/Basophils
https://en.wikipedia.org/wiki/Eosinophils
https://en.wikipedia.org/wiki/Allergy


 

Principle : Electrical impedance 

The traditional method for counting cells is electrical impedance, also 
known as the Coulter Principle. It is used in almost every hematology 
analyzer. 

Whole blood is passed between two electrodes through an aperture so 
narrow that only one cell can pass through at a time. The impedance 
changes as a cell passes through. The change in impedance is 
proportional to cell volume, resulting in a cell count and measure of 
volume. Impedance analysis returns CBCs and three-part WBC 
differentials (granulocytes, lymphocytes, and monocytes) but cannot 
distinguish between the similarly sized granular leukocytes: eosinophils, 
basophils, and neutrophils. Counting rates of up to 10,000 cells per 
second can be achieved and a typical impedance analysis can be carried 
out in less than a minute. 
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Microscopes 

 Is an important device that produces a magnified image of objects too 

small to be seen with the naked eye .The microscope is widely used in 

medicine and biology. 

 

Types of microscope :  

1-Light microscope : The types of light microscope including :- 

 A- Bright - field microscope: It used to view stained or naturally 

pigmented specimens .The name "bright field" is derived from the fact that 

the specimen is dark and contrasted by the surrounding bright viewing 

field. Simple light microscopes are sometimes referred to as bright field 

microscopes.                                                                                                   

B- Dark - field microscopy: is used to illuminate unstained samples 

causing them to appear brightly lit against a dark background. This type 

of microscope contains a special condenser that scatters light and causes 

it to reflect off the specimen at an angle.  

C -Ultraviolet microscope: It has quartz lenses and slides and uses 

ultraviolet radiation as the illumination. The use of shorter wavelengths 

than the visible range enables the instrument to resolve smaller objects 

and to provide greater magnification than the normal optical microscope. 

D -Fluorescent microscope :It used to examine material that fluoresces 

under ultraviolet light. Fluorescence microscopy is based on the principle 



that fluorescent materials emit visible light when they are irradiated with 

ultraviolet rays or with violet-blue visible rays. 

 E - Phase contrast microscope: Transparent microorganisms suspended 

in a fluid may be difficult and sometimes impossible to see. One method 

of making them more visible is to use phase contrast  

D -Fluorescent microscope :It used to examine material that fluoresces 

under ultraviolet light. Fluorescence microscopy is based on the principle 

that fluorescent materials emit visible light when they are irradiated with 

ultraviolet rays or with violet-blue visible rays.  

E - Phase contrast microscope: Transparent microorganisms suspended in 

a fluid may be difficult and sometimes impossible to see. One method of 

making them more visible is to use phase contrast. 

Phase contrast is useful for examining 

1. Unstained bacteria : cholera vibrios in specimens  and cultures  

2.Amoebae in faecal preparations Cerebrospinal fluid 

3. lymph gland fluid Urine sediments 

 

2- Electronic microscope: These types are : 

 A- Scanning electron microscope (SEM): This microscope helps in 

viewing three-dimensional images of microorganisms and other 

specimens. Gold and palladium is used to stain the specimens mounted on 

a scanning electron microscope 

B-Transmission electron microscope (TEM) : is used to study cells. 

Ultrathin slices of microorganisms like viruses are placed on a wire grid, 

then these cells are stained with gold or palladium and then used to 

observe under a transmission electron microscope. The electron beam is 

deflected on the densely coated parts of the cells and the image is 

observed on dark and light background 

:Parts of Microscope : 

A- Frame work 

 1-Body Tube: It is an integral part of the microscope as it holds the eye 

piece and connects it to the objective.  



2-Revolving Nosepiece or Turret: That is the part of the microscope 

which holds two or more objectives to provide various magnifications in 

order to view the same specimen in various dimensions. 

 

 

 

 

 

3. Arm: is the part of microscope that connects to the base and helps carry 

the microscope easily. One can hold the arm with one hand and put 



another hand under the base of the microscope so that it can be carried 

easily. 

  

 

4. Stage: is an important part of the microscope. It is  a flat surface where 

the slide with the specimen is placed. A mechanical stage is used when 

working with higher magnifications. It is moved by using knobs as even 

the slightest moment can affect the results . 

 

 

 



5. Base: It is the bottom part of the microscope, usually made up of 

durable material as it supports the microscope to stand and provides 

stability. 

 

 

 

6. Glass slide: a glass slide is a thin and flat piece of . glass used in the 

microscope. The specimen is kept on the glass slide and put under the 

objective in order to study it. A typical glass slide is of dimensions 75 x 

26mm and about 1 mm thick  

7. Power Switch: It is an electrical switch present at the bottom of the 

microscope in order to switch of the light source .  

B – Mechanical adjustments ( Focusing system ) 1-Coarse adjustment : is 

a knob present on the arm of a microscope. The main function of this 

knob is to move the specimen back or forth to adjust the slide containing 

specimen in order to bring it to focus and show the best image possible. 

The coarse adjustment should be carefully moved and adjusted to attain 

desired results.  

2 -Fine adjustment : This knob is a sub part of the Coarse adjustment 

knob. It is used to bring the specimen into sharp focus.  



 

 

.Slide adjustment Slide adjustment 3 

 

 

4.Condenser adjustment :The condenser is used to condense the light 

required for visualization. The condenser aperture is adjusted by the iris 

diaphragm ,which is found just below the condenser.  



 

 

Magnification system (Lenses ):  

1-Eyepiece ( Ocular lens ): is a magnifying lens attached to the 

microscope which helps in magnifying the sample object. It is called an 

eyepiece as we need to place our eye near it in order to see the 

magnifying image of the sample Eyepiece may be monocular or 

binocular. Eye lenses magnification 10X , 12X . C 

 

 

 

2. Objective lens : is the part of microscope responsible for magnifying 

the image of specimen. There are four objective lenses in a standard 

microscope as following : 

 1-Scanning Objective (4X): This shortest objective is useful for getting 

an overview of the slide (especially handy with some of the slides that 



contain whole organs like a section of the spinal cord, lung, digestive 

tract, ovary……… ). 

2-Low Power Objective (10X): This next shortest objective is probably 

the most useful lens for viewing slides. 

 3-High Power Objective (40X): This objective (sometimes called the 

"high-dry" objective) is useful for observing fine detail such as the 

striations in skeletal muscle, the arrangement of Haversian systems in 

compact bone, types of nerve cells in the retina, etc.  

Oil Immersion Objective (100X): This longest -4 objective is used for 

observing the detail of individual cells such as white blood cells, the cells 

involved in spermatogenesis, etc….. . The lens must be used wit a 

specially formulated oil that creates a bridge between the tip of the 

objective and the cover slip. Since the refractive indices of air and this 

lens are different the oil immersion using to increase the refractive index 

to . make the field clear . 
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Maintenance of Microscope: 

1-Never disassemble the microscope as doing so may cause electric 

shock or damage to the microscope. 

2- Allow the halogen bulbs to cool before touching. Halogen bulbs 

become hot and may cause burns if touched. 

3-To avoid electric shock or damage to the instrument, unplug the 

microscope before replacing the bulb. 

4-Use only the halogen or fluorescent bulb 

5-Turn off and unplug the microscope before moving. 

6-Always carry the microscope with two hand . 

7- Never touch the lenses with fingers. 

8-When finished the scope , roll the stage down to lowest level . 

 

Storage of Microscope 

1- Always cover the microscope with the supplied 

dust cover when not in use 

2-Store in a dry place 

3- In humid or moist environments, it is advisable to 



store the microscope in a waterproof container 

with a drying agent. 

4- Do not touch the optical lens with bare fingers 

5- Do not store the microscope in direct sunlight. 

 

Balance 

Is essential laboratory instruments that are widely used for determining 

weight of various substances  (powders ,crystals and chemical materials) 

in the laboratory for used to prepare reagents, stains and culture media , 

balances are required to weight accurately within the needed range. 

The balance should be kept clean and located in an area away from : 

- large pieces of electrical equipment . 

-open windows to minimize any vibration as interference that may 

happen. 

 

Types of balance 

1-Beam Balance: This type of balance uses a comparison technique in 

the form of a beam from which a weighing pan and scale pan are 

suspended. The object to be weighed is placed on the measuring pan, and 

standard weights are added to the scale pan until the beam is in 

equilibrium. 

2-Analytical Balance: It is used to measure mass to a very high degree 

of precision. The weighing pans are inside see-through enclosure with 

doors so that dust does not collect and so any air currents in the room do 

not affect the delicate balance : These balances are used To  

1.weigh small quantities usually in miligram(mg). 

2.When great accuracy is required.  

 



 

 

Parts of analytical balance 

.Pan : Flat rigid support on which the specimen is placed - 

Glass doors : Sliding door that provide easy access to the-.inside of the 

glass case 

.Digital readout : To show various numeric information- 

.Zero button - 

. Calibration button- 

 

Types of Analytical :Balance 

: A- Single-Pan Mechanical Balance: These consist of a beam with two 

knife-edges, one to support the -. weighing pan and the other acting as a 

pivot - fixed counterweight balances the load on the pan. 



B-Two-Pan Analytical Balance: These balances consist of a 

symmetrical beam and three knife-edges.  The two terminal knives 

support the pans and a central knife-edge acts as a pivot about which the 

beam swings. 

 

C- Electronic Single-Pan Balance: These are top loading balances with 

the applied load being measured by an electromagnetic force unit or a 

strain gauged load cell. The mass of the load is proportional to the current 

needed to balance it. Single-pan electronic balances give a direct reading 

of the mass . applied 

 

D- Microbalance: This type of analytical balance is capable of 

measuring samples to at least (1) million parts of a gram. The more 

sensitive quartz crystal microbalance (QCM) measures mass by 

measuring the change in frequency of a piezoelectric quartz crystal 

 

 

 
 

 

 

 

 

 



Use and care of balances 

1.Read carefully the manufacturer’s instructions 

2. Always handle a balance with care 

3.Before starting to weigh, zero the balance as directed by the 

manufacturer. If using a beam . balance, check the position of the beam 

4.Weight the chemicals at room temperature in a weighing scoop or small 

beaker. Never put . the chemicals directly on the balance pan 

5,When adding or removing a chemical remove the container to avoid 

spilling any . chemical on the balance 
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Centrifuges 

It is a device for separating two or more substances from each other by 

using centrifugal force. Centrifugal force is the tendency of an object 

traveling around a central point to continue in a linear motion and fly 

away from that central point.  Centrifugation can be used to separate 

substances from each other because materials with different masses 

experience different centrifugal forces when traveling at the same 

velocity and at the same distance from the common center. 

 

Principles work of centrifuges 

The basic physics work of centrifuges is gravity and generation of the 

centrifugal force to sediment different fraction . Centrifugal field ( G ) 

depend on : 

1-Angular velocity ( w ) in radians/ sec . 

2-Radial distance ( r in cm ) of particle from axis of 

rotation .  G = w2 r 

 

 



Rate of sedimentation depends on : 

•Mass of particle ( density and volume ) 

•Density of medium . 

•Shape of particle . 

•Friction . 

 

:Types of centrifuges 

There are many types of centrifuges, but the basic :principle is the same, 

all use centrifugal force  

1. Desk top centrifuges ( Low speed centrifuges  

. It is very simple and small- 

. maximum speed of 3000 rpm- 

. Don't has any temperature regulation system- 

- Used normally to collect rapidly sedimenting substance such as blood 

cell. 

 

 

 

 



2. High speed centrifuges 

-Maximum speed of 25000 rpm- 

-Temperature maintained at 0 – 40 C by thermocouple. - 

- Used to collect microorganism, cell, large cellular .organelles 

-Useful in isolating sub cellular organelles ( nuclei , - mitochondria and 

lysosomes ). 

Ultracentrifuges- 3 

-.Operate at speed of 75000 rpm - 

-Rotor chamber is sealed and evacuated by pump - .to attain vacuum 

-.Refrigeration system temperature 0 – 40 C - 

: There are two types of ultracentrifuge 

.A- Analytical centrifuge 

.B-Preparative centrifuge 

 

:Parts of centrifuges 

1.Speedmeter : increasing and decreasing of speed 

2.Timer : control of time 

3.Speed indicator 

4.Head with sample holder 

5.Cover 

6.Electric motor( attached head for carrying  

.sample ) 

Power for centrifuges:220 – 240V 

 

:Applications of centrifuges 

1-Remove cellular elements from blood to provide. cell free plasma or 

serum for analysis 

2-Isolate chemical precipitated protein from an. analytical specimen 

3-Separate protein bound from free ligand in. immunochemical 



4-. Separate lipid components 

 

:Use and care of centrifuges 

1. Reading the manufacturer’s instructions 

2.Placing a centrifuge on a firm level bench out. of direct sunlight, 

towards the back of the bench 

3.Whenever possible using plastic tubes made. from polystyrene or 

autoclavable 

4. Closing the centrifuge top before turning it on.  

5.Always balancing the tubes that are being  centrifuged, tubes of the 

same weight should be placed directly opposite to each other. Tubes 

should also be of the same size and should also contain the ..same amount 

of liquid  

6.Increasing spinning speed gradually is important That is if you are 

required to spine a mixture at 3, 000 rpm, first put the dial on 1,000 

rpm.Give the centrifuge a chance to come up to that speed, then turn 

up the dial a little further until it reaches the desired 3,000 rpm. Five 

minutes are the usual time required . to centrifuge most substances 

7.Never open the centrifuge while it is still.spinning 
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Electrolytes are positively and negatively charged molecules called ions, 
that are found within the body's cells and extracellular fluids, including 
blood plasma.  -Electrolytes play multiple roles in the maintenance of 
body functions: 



1-They sustain osmotic pressure which control fluids distribution in the 
body (related to sodium level). 
2-Maintain proper body Ph . 

3-Regulate the function of the heart and other muscles. 

4- Assist in electron transfer reactions. 

5- Participate in enzymatic reactions . 

 

Some of the disorders associated with electrolyte imbalances include : 

1-Congestive heart failure. 

2-Respiratory alkalosis (occurs when blood pH falls above 7.35), and 

acidosis occurs( when blood pH falls below 7.35). 

3-Diabetes insipidus (water loss by the kidneys). 

4-Gastrointestinal and kidney diseases. 

5-overhydrationn and dehydration.  (When water loss is greater than 

intake, or vice versa). 

-Doctors refer to a low electrolyte level with the prefix “hypo_” and to a 

high level With the prefix “hyper_”. 

Because abnormal electrolyte levels can result from or cause various 

disorders, their analysis is a key factor in patient diagnosis and 

treatment. 

-Electrolyte Analyzers measure these 

electrolytes in serum, plasma and urine. 



 

 

ELECTROLYTE PANEL 
Electrolyte analyzers measure electrolyte concentrations in body fluids – 
typically whole blood, plasma, serum, or urine specimens. 
Electrolytes typically measured by an 
Electrolyte Analyzer are called the 
“Electrolyte Panel” which consists of: 
- Sodium (Na+) 
- Potassium (K+) 
- Chloride (CL+) 
-Bicarbonate(HCO3+) 

-Calcium, the most abundant mineral in the body, is also measured by 
many electrolyte analyzers. The concentration of ionized calcium (Ca++), 
total calcium,  or both can be measured in the same body fluids as 
electrolytes. 
-Sodium is the principal extracellular cation and potassium the 
principal intracellular cation. A cation is an ion with a positive charge. 
Anions have a negative charge. 

 

METHODS OF ELECTROLYTIC ANALYSIS 

1-Flame Emission Photometry(FEP) 

2-Ion Selective Electrode(ISE) 

Flame Emission Photometry 
Flame photometry can be used to measure Na+, K+, and lithium Li+ .This 
method is based on the fact that some metallic elements absorb thermal 
energy, exciting their electrons to a higher energy state .As the electrons 



return to the stable ground state, they emit photons light at wavelengths 
characteristic of the particular element and at intensities proportional to 
the element’s concentration. 

The concentration of the test solution is determined by comparing its 
signal with that obtained for standard solutions 
There is a different colored filter for - each analyte measured -The 
output of the photo-detector is directly proportional to the 
concentration of the analyte being measured.  -The brighter the flame 
(in that wavelength), the greater the concentration of the analyte. 
 

 
 

• Sodium is yellow with a wavelength of about 590 nm 
• Calcium is red with a wavelength of about 640 nm -There is a 
different colored filter for each analyte measured. 
• Potassium is blue with a wavelength of about 490 nm 
• Lithium is dark red with a wavelength of about 710 nm 
The output of the photodetector is - directly proportional to the 
concentration of the analyte being measured -The brighter the flame in 
that wavelength, the greater the concentration of the analyte Each 
analyte emits a specific color when burned. 
 
Ion-Selective Electrodes  (ISE) 
Principles of operation 
This method measures the voltage that develops between the inner and 
outer surfaces of an ion selective electrode.  Most electrolyte analyzers 
use ISE methodology in which measurements of the ion activity in 



solution are made potentiometrically using an external reference 
electrode and an ISE containing an internal reference electrode . 
 
 
The external reference electrode and ISE are exposed to the unknown 

sample solution, and the potential of the sample solution is measured 

relative to the external reference As the specific ions under .electrode 

analysis are selectively bound to the ISE, the internal reference electrode 

detects the potential difference between an internal filling solution 

and the sample solution potential between the external reference 

electrode and the ISE, which is a function of the specific ion’s activity 

concentration, is amplified and liter L displayed in millimoles per liter 

The ISE system is calibrated with solutions containing known 

concentrations of analytes; the concentration of an unknown 

solution is derived by comparing its potential with that of a solution of 

known concentration. 

Different types of ISEs provide measurements for specific analytes .The 
Na-+sensitive electrode is made of glass specially formulated to provide 
high selectivity for Na .+The K-+sensitive electrode consists of polyvinyl 
chloride PVC impregnated with valinomycin, an antibiotic that is 
selective for K .+The Cl—sensitive 
 
 
 
 
 



 
 
 
 

 
 


