
UNIT I  

IntroducƟon 

 

1.1 General overview & structure of Medical Laboratory 
 
Medical laboratories are important components of the healthcare system. They provide 
informaƟon that helps in diagnosing, treaƟng, and prevenƟng diseases by analyzing 
biological samples.  
 
Key FuncƟons 

1. DiagnosƟc TesƟng: 
o Analyze samples such as blood, urine, and Ɵssues to detect diseases and medical 

condiƟons. 
o Tests may include idenƟfying infecƟons, measuring chemical levels, and assessing 

organ funcƟon. 
2. Monitoring Health: 

o Track the progression of diseases and evaluate the effecƟveness of treatments. 
o Regular tests can help manage chronic condiƟons and adjust therapies as needed. 

3. PrevenƟve Screening: 
o Conduct rouƟne screenings to idenƟfy potenƟal health issues before they become 

serious problems. 
o Examples include cholesterol tests, cancer screenings, and geneƟc tesƟng. 

 
Types of Medical Tests 
 

1. Clinical Chemistry: 
o Focus: Measures biochemical markers in blood and other fluids. 
o Examples: Blood glucose levels, cholesterol levels, liver enzymes. 

2. Hematology: 
o Focus: Studies blood and its components. 
o Examples: Complete blood count (CBC), hemoglobin levels, blood cloƫng tests. 

3. Microbiology: 
o Focus: IdenƟfies and characterizes microorganisms such as bacteria, viruses, and 

fungi. 
o Examples: Culture and sensiƟvity tests, gram staining, pathogen idenƟficaƟon. 

4. Immunology: 
o Focus: Assesses immune system funcƟons and detects immune-related disorders. 
o Examples: Autoimmune disease panels, allergy tests, anƟbody levels. 

 



5. Molecular DiagnosƟcs: 
o Focus: Analyzes geneƟc material to detect geneƟc disorders and infecƟons. 
o Examples: Polymerase chain reacƟon (PCR), geneƟc sequencing, molecular tests 

for infecƟous diseases. 
Laboratory Workflow 
 

1. Sample CollecƟon: 
o Process: CollecƟng specimens from paƟents, such as blood draws or urine 

samples. 
o Care: Ensuring samples are properly labeled and handled to avoid contaminaƟon 

or misidenƟficaƟon. 
2. Sample Processing: 

o PreparaƟon: IniƟal handling, such as centrifugaƟon or aliquoƟng, to prepare 
samples for tesƟng. 

o SeparaƟon: Dividing samples based on the type of analysis required. 
3. TesƟng: 

o ExecuƟon: Performing tests using specialized equipment and techniques. 
o Protocols: Following established procedures to ensure accuracy and reliability. 

4. Analysis: 
o InterpretaƟon: EvaluaƟng test results and determining whether they fall within 

normal ranges or indicate abnormaliƟes. 
o ValidaƟon: Verifying the accuracy of results through quality control measures. 

5. ReporƟng: 
o DocumentaƟon: Compiling test results into reports. 
o CommunicaƟon: Providing clear and Ɵmely reports to healthcare providers for 

further acƟon. 
 

Structure of a Medical Laboratory 
 

1. AdministraƟve SecƟon: 
o Management: Oversees operaƟons, including staff, finances, and policy 

implementaƟon. 
o Quality Control: Ensures accuracy and compliance with regulaƟons through 

rouƟne checks and maintenance. 
2. Technical SecƟons: 

o Specimen CollecƟon and Handling: Manages iniƟal steps in sample collecƟon and 
preparaƟon. 

o Departments: 
 Clinical Chemistry: Performs biochemical analyses. 
 Hematology: Conducts blood tests. 
 Microbiology: IdenƟfies and cultures microorganisms. 



 Immunology: Conducts immune system-related tests. 
 Molecular DiagnosƟcs: Analyzes geneƟc and molecular informaƟon. 

3. Support Services: 
o Data Management: Handles paƟent data, electronic health records (EHR), and test 

result documentaƟon. 
o Maintenance: Ensures laboratory equipment is properly maintained and 

funcƟonal. 
o Safety and Compliance: Adheres to health and safety regulaƟons and industry 

standards. 
4. Staffing: 

o Medical Laboratory Technicians: Conduct rouƟne tests and analyze results. 
o Medical Laboratory ScienƟsts: Perform complex analyses and interpret findings. 
o Pathologists: Diagnose diseases based on laboratory results. 
o Phlebotomists: Specialize in collecƟng blood samples. 
o Laboratory Managers: Oversee day-to-day operaƟons and manage staff. 

 
Quality Assurance 
 

1. Internal Controls: 
o RouƟne checks and standardized procedures to ensure test accuracy and 

reliability. 
2. External Proficiency TesƟng: 

o ParƟcipaƟon in external programs to validate laboratory performance against 
industry standards. 

 
1.2 Role of Medical laboratory services in healthcare 

Medical laboratory services are fundamental to modern healthcare. They play a critical role in 
diagnosing diseases, monitoring health conditions, and supporting treatment decisions. Here’s 
a detailed look at their contributions to healthcare: 

1. Diagnosis of Diseases 

 Identification of Conditions: Laboratories perform tests to identify the presence of 
diseases or abnormalities in patients. This includes detecting infections, cancer, and 
chronic conditions. 

 Examples: Blood tests to diagnose anemia, cultures to identify bacterial infections, and 
imaging studies to detect tumors. 

 

 



2. Monitoring and Management of Health 

 Tracking Disease Progression: Regular laboratory tests help monitor the progression of 
diseases, such as diabetes or heart disease, by measuring relevant biomarkers and 
indicators. 

 Adjusting Treatments: Test results guide adjustments to treatment plans, such as 
altering medication dosages or changing therapeutic approaches based on how well a 
patient is responding to treatment. 

3. Preventive Screening 

 Early Detection: Laboratory services facilitate early detection of potential health issues 
through routine screenings and tests, which can prevent the development of more 
serious conditions. 

 Examples: Screening for high cholesterol, cancer markers, and genetic disorders to catch 
issues before they become severe. 

4. Guiding Treatment Decisions 

 Informed Choices: Test results provide essential data that help healthcare providers 
make informed decisions about the most effective treatment strategies for their 
patients. 

 Examples: Sensitivity tests to determine the most effective antibiotics for bacterial 
infections, and genetic testing to tailor cancer treatments based on a patient’s specific 
genetic makeup. 

5. Supporting Public Health 

 Epidemiological Surveillance: Laboratories contribute to tracking and controlling the 
spread of infectious diseases by providing data on outbreaks and trends. 

 Examples: Monitoring disease prevalence, conducting surveillance for emerging 
pathogens, and supporting vaccination programs. 

6. Quality Control and Assurance 

 Ensuring Accuracy: Laboratory services are crucial for maintaining high standards of test 
accuracy and reliability through rigorous quality control measures. 

 Examples: Regular calibration of equipment, participation in proficiency testing, and 
adherence to quality assurance protocols. 

7. Research and Development 

 Advancing Knowledge: Laboratories are involved in research that contributes to the 
development of new diagnostic methods, treatments, and understanding of diseases. 



 Examples: Development of new assays for early disease detection, research into novel 
therapies, and studies on disease mechanisms. 

8. Patient Safety 

 Accurate Diagnostics: By providing precise and timely test results, laboratories help 
prevent misdiagnoses and ensure patients receive appropriate and effective care. 

 Examples: Confirmatory tests for accurate disease diagnosis, and verification of critical 
lab values to prevent adverse drug reactions. 

9. Education and Training 

 Training Healthcare Professionals: Laboratories play a role in educating and training 
medical students, residents, and other healthcare professionals in diagnostic procedures 
and test interpretation. 

 Examples: Clinical rotations for students, continuing education for laboratory staff, and 
workshops on new technologies. 

10. Legal and Forensic Applications 

 Legal Evidence: Laboratories provide forensic analysis in legal cases, such as DNA testing 
in criminal investigations or drug testing in workplace settings. 

 Examples: Forensic toxicology, identification of substances in legal cases, and paternity 
testing. 

 

1.3 Classification of Medical Laboratories 

Medical laboratories can be classified based on several criteria, including their function, the 
types of tests they perform, their organizational structure, and their level of complexity. Here’s 
an overview of the main classifications: 

1. Based on Function 

1. Clinical Laboratories: 
o General Clinical Laboratories: Perform a wide range of tests on bodily fluids 

(e.g., blood, urine) to support general diagnosis and treatment. 
o Specialized Clinical Laboratories: Focus on specific types of tests or conditions, 

such as cardiovascular diagnostics or metabolic disorders. 
2. Pathology Laboratories: 

o Anatomic Pathology Labs: Examine tissue samples (biopsies, surgical specimens) 
to diagnose diseases, primarily cancers. 



o Clinical Pathology Labs: Conduct tests on blood and other bodily fluids to 
diagnose and monitor diseases. 

3. Microbiology Laboratories: 
o Focus on identifying microorganisms (bacteria, viruses, fungi) and determining 

their susceptibility to antibiotics. 
o Include sub-specialties like virology, bacteriology, and mycology. 

4. Molecular Diagnostics Laboratories: 
o Specialize in genetic testing and molecular analyses, such as PCR and sequencing, 

to detect genetic disorders and infectious diseases. 
5. Forensic Laboratories: 

o Conduct analyses related to criminal investigations, such as DNA profiling, 
toxicology, and drug testing. 

2. Based on Complexity 

1. Primary (Basic) Laboratories: 
o Perform routine and basic diagnostic tests, such as complete blood counts (CBCs) 

and basic chemistry panels. 
o Typically found in smaller healthcare settings like clinics and primary care offices. 

2. Secondary (Intermediate) Laboratories: 
o Handle more complex tests, including those requiring specialized equipment and 

procedures. 
o Often found in regional hospitals and larger medical centers. 

3. Tertiary (Advanced) Laboratories: 
o Perform highly specialized and advanced tests, such as genetic testing, advanced 

immunoassays, and complex microbiological analyses. 
o Typically associated with major academic hospitals and research institutions. 

3. Based on Organizational Structure 

1. Hospital Laboratories: 
o Inpatient Labs: Serve hospitals and are integrated into patient care, providing 

diagnostic support for hospitalized patients. 
o Outpatient Labs: Offer diagnostic services to patients who are not admitted to 

the hospital, often part of hospital networks. 
2. Independent or Private Laboratories: 

o Operate independently of hospitals or large health systems and provide 
diagnostic services to a range of healthcare providers and patients. 

3. Reference Laboratories: 
o Provide specialized testing services not commonly available in standard 

laboratories, often serving as a central resource for multiple healthcare facilities. 
o Examples include national reference laboratories and specialized centers for rare 

diseases. 



 

4. Research Laboratories: 
o Focus on experimental and developmental work, often affiliated with 

universities or research institutions. 
o Conduct research into new diagnostic methods, treatments, and understanding 

of diseases. 

4. Based on Scope of Services 

1. General Laboratories: 
o Offer a broad range of diagnostic tests across multiple categories (e.g., 

chemistry, hematology, microbiology). 
2. Specialized Laboratories: 

o Focus on specific areas of testing, such as: 
 Endocrinology Labs: Tests related to hormone levels and endocrine 

disorders. 
 Genetics Labs: Focus on genetic disorders, genetic counseling, and 

genomic research. 
 Immunology Labs: Tests related to immune system function and 

disorders. 

 

1.4 Professional laws & ethics for medical laboratory 

In India, professional laws and regulaƟons for medical laboratories ensure the quality, accuracy, 
and safety of laboratory services. These laws cover various aspects, including licensing, 
accreditaƟon, standards of pracƟce, and handling of biomedical waste. Here’s an overview of the 
key professional laws relevant to medical laboratories in India: 

1. Licensing and RegistraƟon 

 Indian Medical Council Act (1956) 

o Purpose: Governs the registraƟon and licensing of medical pracƟƟoners, including 
laboratory professionals, under state medical councils. 

o Requirement: Ensures that medical laboratory professionals meet educaƟonal and 
professional standards. 

 Clinical Establishments Act (2010) 

o Purpose: Regulates clinical establishments, including medical laboratories, to 
ensure minimum standards of infrastructure, equipment, and services. 



o Requirement: Establishments must be registered and comply with regulaƟons set 
forth in the act. 

 State Medical Councils 

o Purpose: Each state has its own council responsible for the registraƟon, regulaƟon, 
and licensing of medical professionals. 

o Requirement: Ensures compliance with local regulaƟons and standards. 

2. AccreditaƟon and Quality Standards 

 NaƟonal AccreditaƟon Board for TesƟng and CalibraƟon Laboratories (NABL) 

o Purpose: Provides accreditaƟon based on standards like ISO/IEC 17025 and ISO 
15189. 

o Requirement: Ensures laboratories meet rigorous quality and competence 
standards for tesƟng and calibraƟon. 

 

 ISO Standards 

o ISO/IEC 17025: General requirements for the competence of tesƟng and 
calibraƟon laboratories. 

o ISO 15189: Specific requirements for quality and competence in medical 
laboratories. 

3. Bio-Medical Waste Management 

 Bio-Medical Waste Management Rules (2016) 

o Purpose: Regulates the management, handling, and disposal of biomedical waste. 

o Requirement: Laboratories must follow procedures for waste segregaƟon, 
treatment, and disposal to prevent environmental and health hazards. 

 Central PolluƟon Control Board (CPCB) 

o Purpose: Provides guidelines and monitors compliance with waste management 
regulaƟons. 

4. Health and Safety RegulaƟons 

 OccupaƟonal Safety and Health RegulaƟons 

o Purpose: While India does not have a direct equivalent to OSHA, general labor laws 
and safety regulaƟons apply. 



o Requirement: Ensures the safety of laboratory staff from hazards related to 
chemicals, biological agents, and physical risks. 

 InfecƟon Control Protocols 

o Purpose: Guidelines for prevenƟng cross-contaminaƟon and ensuring a safe 
working environment. 

o Requirement: Laboratories must implement proper infecƟon control measures. 

5. Data ProtecƟon and ConfidenƟality 

 InformaƟon Technology Act (2000) 

o Purpose: Governs electronic transacƟons and data protecƟon, including handling 
of electronic health records. 

o Requirement: Ensures confidenƟality and security of paƟent data. 

 Personal Data ProtecƟon Bill (Proposed) 

o Purpose: Aims to regulate the processing of personal data, including medical 
informaƟon, to enhance data privacy. 

o Requirement: Not yet enacted but anƟcipated to establish comprehensive data 
protecƟon norms. 

Ethics for Medical Laboratories 

1. ConfidenƟality and Privacy 

 PaƟent Data ProtecƟon 

o Principle: Maintain the confidenƟality of paƟent informaƟon and test results. 

o PracƟce: Ensure that paƟent data is only accessible to authorized personnel and is 
shared only with proper consent. 

 Informed Consent 

o Principle: Obtain and document informed consent from paƟents for tests and 
procedures. 

o PracƟce: Ensure paƟents are fully aware of the purpose, risks, and implicaƟons of 
the tests. 

2. Accuracy and Integrity 

 Test Accuracy 

o Principle: Ensure the accuracy and reliability of test results. 



o PracƟce: Follow established procedures, perform quality control, and address 
discrepancies promptly. 

 Ethical ReporƟng 

o Principle: Report test results honestly and without alteraƟon. 

o PracƟce: Ensure transparency in reporƟng and addressing any errors or issues. 

3. Professional Competence 

 ConƟnual EducaƟon 

o Principle: Engage in ongoing professional development. 

o PracƟce: Stay updated with advances in technology and pracƟces through training 
and cerƟficaƟon. 

 Skill Maintenance 

o Principle: Regularly update skills and knowledge. 

o PracƟce: ParƟcipate in workshops, seminars, and training to maintain 
competence. 

 

4. ImparƟality and Fairness 

 Unbiased TesƟng 

o Principle: Conduct tests and report results imparƟally. 

o PracƟce: Avoid bias and ensure fairness in all laboratory procedures. 

 Conflict of Interest 

o Principle: Disclose and manage potenƟal conflicts of interest. 

o PracƟce: Ensure that any conflicts do not affect the integrity of laboratory work. 

5. PaƟent-Centered Care 

 Respect and Dignity 

o Principle: Treat paƟents with respect and maintain their dignity. 

o PracƟce: Ensure respecƞul interacƟon throughout specimen collecƟon and 
communicaƟon of results. 

 



 Safety 

o Principle: PrioriƟze paƟent safety. 

o PracƟce: Follow safety protocols to prevent harm during all laboratory procedures. 

6. Ethical Decision-Making 

 Professional Judgment 

o Principle: Use sound judgment in laboratory pracƟces. 

o PracƟce: Ensure that ethical consideraƟons guide decisions and acƟons. 

 ReporƟng Misconduct 

o Principle: Report unethical behavior or pracƟces. 

o PracƟce: Follow proper channels for reporƟng and addressing unethical conduct. 

 

Understanding and managing laboratory hazards and accidents is crucial for maintaining a safe 
working environment and ensuring the well-being of laboratory personnel. Here’s an overview of 
common laboratory hazards, types of accidents, and measures to prevent and respond to them: 

Laboratory Hazards 

1. Chemical Hazards 

o DescripƟon: Chemicals used in laboratories can be toxic, corrosive, flammable, or 
reacƟve. 

o Examples: Acids, bases, solvents, and reagents. 

o Risks: Chemical burns, respiratory issues, fires, explosions. 

2. Biological Hazards 

o DescripƟon: Exposure to biological agents such as bacteria, viruses, fungi, and 
other microorganisms. 

o Examples: Bloodborne pathogens, infecƟous cultures. 

o Risks: InfecƟons, allergic reacƟons, contaminaƟon. 

3. Physical Hazards 

o DescripƟon: Risks related to physical condiƟons and equipment used in 
laboratories. 

o Examples: Slips, trips, and falls, electrical hazards, noise, and radiaƟon. 



o Risks: Injuries from falls, burns from hot surfaces, electric shocks, radiaƟon 
exposure. 

4. Ergonomic Hazards 

o DescripƟon: Risks associated with repeƟƟve strain, awkward postures, and heavy 
liŌing. 

o Examples: Poorly designed workstaƟons, repeƟƟve tasks. 

o Risks: Musculoskeletal disorders, back injuries. 

5. Mechanical Hazards 

o DescripƟon: Risks from laboratory equipment and machinery. 

o Examples: Centrifuges, autoclaves, glassware. 

o Risks: Injuries from moving parts, glass breakage, equipment malfuncƟon. 

6. Fire Hazards 

o DescripƟon: Risks associated with flammable materials and igniƟon sources. 

o Examples: Flammable solvents, open flames, electrical faults. 

o Risks: Fire, explosion, smoke inhalaƟon. 

Types of Laboratory Accidents 

1. Chemical Spills 

o DescripƟon: Accidental release of chemicals, leading to exposure and 
contaminaƟon. 

o Response: Follow spill response procedures, use appropriate personal protecƟve 
equipment (PPE), and clean up according to established protocols. 

2. Injuries from Equipment 

o DescripƟon: Injuries resulƟng from improper use or malfuncƟon of laboratory 
equipment. 

o Response: Ensure proper training on equipment use, conduct regular 
maintenance, and use safety guards where applicable. 

3. Exposure to Biological Agents 

o DescripƟon: Accidental exposure to infecƟous materials or biological agents. 



o Response: Follow infecƟon control procedures, report exposures, and seek 
medical evaluaƟon as needed. 

4. Glassware Breakage 

o DescripƟon: Breakage of glass containers, leading to potenƟal cuts and 
contaminaƟon. 

o Response: Handle glassware carefully, use appropriate tools for cleaning up, and 
dispose of broken glass in designated containers. 

5. Fire and Explosion 

o DescripƟon: Incidents involving fire or explosions due to flammable materials or 
equipment faults. 

o Response: Implement fire safety protocols, use fire exƟnguishers, and evacuate 
the area if necessary. 

6. Electrical Accidents 

o DescripƟon: Injuries or accidents caused by faulty electrical equipment or 
improper use. 

o Response: Regularly inspect and maintain electrical equipment, and ensure proper 
training on electrical safety. 

 

1.6  General precauƟons for avoidance of laboratory accidents. 

To ensure safety and prevent accidents in a laboratory seƫng, adhering to general 
precauƟons is crucial. Here are key precauƟons to follow for the avoidance of laboratory 
accidents: 

1. Risk Assessment 

o Conduct regular risk assessments to idenƟfy potenƟal hazards and implement 
appropriate control measures. 

o Update safety protocols based on the results of risk assessments. 

2. Personal ProtecƟve Equipment (PPE) 

o Use appropriate PPE, such as gloves, goggles, lab coats, and face shields, to protect 
against various hazards. 

o Ensure that PPE is properly maintained and replaced as needed. 

 



3. Training and EducaƟon 

o Provide comprehensive training on laboratory safety, hazard recogniƟon, and 
emergency procedures. 

o Conduct regular refresher courses and drills to keep staff updated on safety 
pracƟces. 

4. Safety Procedures 

o Develop and enforce standard operaƟng procedures (SOPs) for handling 
chemicals, biological materials, and laboratory equipment. 

o Implement safety protocols for waste disposal, spill response, and emergency 
situaƟons. 

5. Proper Storage 

o Store chemicals, biological agents, and equipment according to safety guidelines 
to prevent accidents. 

o Ensure that flammable materials are kept away from igniƟon sources and that 
chemicals are stored in appropriate containers. 

6. Maintenance and InspecƟon 

o Regularly inspect and maintain laboratory equipment to ensure proper funcƟoning 
and prevent malfuncƟons. 

o Address any idenƟfied issues promptly to avoid potenƟal hazards. 

Emergency Response 

1. Emergency Plans 

o Develop and communicate emergency response plans for various types of 
accidents and hazards. 

o Ensure that all laboratory personnel are familiar with emergency procedures and 
evacuaƟon routes. 

2. First Aid 

o Provide basic first aid training to laboratory staff and ensure that first aid kits are 
readily available. 

o Know the procedure for treaƟng chemical burns, cuts, and other injuries. 

 



3. ReporƟng Incidents 

o Establish a procedure for reporƟng and documenƟng laboratory accidents and 
near-misses. 

o Review incidents to idenƟfy causes and implement correcƟve acƟons to prevent 
recurrence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit 2  

Clinical Instruments 

2.1 Photo colorimeter: 

Working principle, Block diagram descripƟon, Light sources used in photo-colorimeter, OpƟcal 
Filters, Monochromators & their classificaƟon, Photo colorimeter applicaƟons 

 

DefiniƟon: A photo colorimeter is an opƟcal instrument designed to quanƟfy the color of a 
sample by measuring the amount of light of specific wavelengths that is transmiƩed through or 
reflected off the sample. It uses photometric techniques to determine the color characterisƟcs 
and intensity. 

2.1.1 Working Principle of a Photo Colorimeter  

The working principle of a photo colorimeter involves measuring the color of a sample by 
analyzing how it interacts with light. Here's a detailed explanaƟon of the process: 

 

 

1. IlluminaƟon: 

o The photo colorimeter has a light source that emits light of specific wavelengths 
or a broad spectrum. This light is directed towards the sample. 

2. InteracƟon with Sample: 

o The sample, which may be in the form of a liquid or solid, interacts with the 
incident light. Depending on the sample's color and properƟes, it will absorb, 
transmit, or reflect light differently. 



 

3. Light Transmission/ReflecƟon: 

o AbsorpƟon: The sample absorbs certain wavelengths of light. The color observed 
is the result of the wavelengths that are not absorbed but are reflected or 
transmiƩed. 

o ReflecƟon: For solid samples, the light that is reflected off the surface is measured. 

o Transmission: For transparent or translucent samples, the light that passes 
through the sample is measured. 

4. Filtering: 

o The photo colorimeter uses opƟcal filters or wavelength selectors to isolate 
specific wavelengths of light. This allows for the measurement of how the sample 
interacts with light of different colors. 

5. DetecƟon: 

o The detector (such as a photodiode or photomulƟplier tube) measures the 
intensity of light that is either transmiƩed through the sample or reflected off it. 
This measurement is converted into an electrical signal. 

6. Analysis: 

o The intensity of light detected at different wavelengths is compared to known 
standards or reference values. The colorimeter analyzes these intensiƟes to 
determine the color characterisƟcs of the sample. 

7. Output: 

o The results are processed and displayed on a digital readout or output interface. 
This could include numerical values represenƟng color aƩributes (such as 
absorbance or transmiƩance), color c 

 

2.1.2 Block diagram descripƟon 

A block diagram of a photo colorimeter illustrates the key components and their 
interacƟons in the system. Here's a simplified version of a photo colorimeter's block 
diagram: 

 

 



 

 

 

 

 

 

 

 

 

ExplanaƟon of Each Block: 

1. Light Source: 

o Provides a beam of light that is directed toward the sample. This can be a single 
wavelength or a broad spectrum light source. 

2. OpƟcal Path (Sample Holder): 

o The sample is placed in this area. The light either passes through (for liquids) or 
reflects off (for solids) the sample. 

3. OpƟcal Filter (Wavelength Selector): 

o Isolates specific wavelengths of light to analyze how the sample interacts with light 
of different colors. Filters ensure that only the desired wavelength reaches the 
detector. 

4. Photodetector (Light Detector): 

o Measures the intensity of the light that has passed through or been reflected by 
the sample. Common types include photodiodes, photomulƟplier tubes, or 
charge-coupled devices (CCDs). 

5. Signal Processor: 

o Converts the detected light intensity into an electrical signal. This block typically 
includes: 

 AmplificaƟon: Enhances the signal strength. 

 Analog-to-Digital Conversion: Converts the analog signal from the 
photodetector into a digital format for further processing. 

Light Source     Optical Path 
(Sample Holder) 

OpƟcal Filter 
(Wavelength Selector) 

Display/Output Signal Processor Photodetector 
(Light Detector) 



6. Display/Output: 

o Presents the final measurement results. This can include numerical values 
represenƟng color aƩributes, color codes, or visual representaƟons of the color 
data. 

2.1.3 Light sources used in photo-colorimeter 

Different light sources are used based on the specific requirements of the applicaƟon and the 
type of samples being analyzed. Here are some common light sources used in photo colorimeters: 

1. Tungsten Lamp 

 DescripƟon: A type of incandescent light bulb that produces a broad spectrum of visible 
light. 

 Advantages: Provides a conƟnuous spectrum and is stable. 

 ApplicaƟons: Used for general-purpose color measurements, especially in visible light 
range. 

2. Quartz Tungsten-Halogen Lamp 

 DescripƟon: Similar to the tungsten lamp but with improved efficiency and stability. It 
uses a halogen gas to maintain the clarity of the quartz envelope. 

 Advantages: Longer lifespan and more stable light output compared to standard tungsten 
lamps. 

 ApplicaƟons: Common in analyƟcal and color measurement instruments for its stable and 
consistent light. 

3. Xenon Lamp 

 DescripƟon: A high-intensity lamp that emits a broad spectrum of light, including 
ultraviolet (UV) and visible light. 

 Advantages: Provides a very broad and conƟnuous spectrum, making it suitable for 
measuring a wide range of colors. 

 ApplicaƟons: Used in applicaƟons requiring high intensity and a broad spectrum of light, 
including detailed color analysis. 

4. Light Emiƫng Diodes (LEDs) 

 DescripƟon: Solid-state light sources that emit light in specific wavelengths. LEDs can be 
selected to cover various parts of the spectrum. 

 Advantages: High efficiency, long lifespan, and the ability to target specific wavelengths. 



 ApplicaƟons: OŌen used in modern colorimeters due to their stability and the ability to 
provide narrow wavelength ranges for precise measurements. 

5. Deuterium Lamp 

 DescripƟon: An ultraviolet light source that provides conƟnuous light in the UV range. 

 Advantages: Excellent for measurements in the ultraviolet spectrum. 

 ApplicaƟons: Used in colorimeters designed for analyzing UV-sensiƟve samples or 
performing UV-visible spectroscopy. 

6. Halogen-Cooled Tungsten Lamp 

 DescripƟon: A tungsten lamp with a built-in cooling mechanism to reduce heat and 
maintain stable light output. 

 Advantages: Provides a conƟnuous spectrum with reduced heat, improving measurement 
accuracy and instrument longevity. 

 ApplicaƟons: Suitable for precision color measurements and long-term stability. 

7. Mercury Vapor Lamp 

 DescripƟon: A lamp that emits light through the excitaƟon of mercury vapor, producing a 
spectrum with strong lines in the UV and visible ranges. 

 Advantages: Provides specific spectral lines, useful for certain analyƟcal applicaƟons. 

 ApplicaƟons: Less common in modern photo colorimeters but may be used in specialized 
applicaƟons requiring specific wavelengths. 

 

2.1.4 OpƟcal Filters 

OpƟcal filters in a photo colorimeter are criƟcal for isolaƟng specific wavelengths of light to 
analyze how the sample interacts with light at those wavelengths. By using these filters, the photo 
colorimeter can measure the color characterisƟcs of a sample with precision. Here’s an overview 
of the types and funcƟons of opƟcal filters in a photo colorimeter: 

Types of OpƟcal Filters 

1. AbsorpƟon Filters: 

o DescripƟon: These filters absorb specific wavelengths of light and transmit others. 
They are made from colored glass or plasƟc. 



 

o Advantages: Simple and cost-effecƟve. 

o ApplicaƟons: Useful for applicaƟons where specific wavelength isolaƟon is 
required. 

2. Interference Filters: 

o DescripƟon: Also known as dichroic filters, these filters use interference effects to 
transmit light of certain wavelengths while reflecƟng others. They are made by 
layering thin films on a substrate. 

 

o Advantages: High precision and can be designed to transmit very narrow 
wavelength ranges. 

o ApplicaƟons: Ideal for applicaƟons requiring high spectral resoluƟon and accuracy. 

3. Bandpass Filters: 

o DescripƟon: These filters allow a range of wavelengths to pass through while 
blocking wavelengths outside this range. They are characterized by their center 
wavelength and bandwidth. 



 

o Advantages: Provides a specific range of wavelengths, which is useful for analyzing 
parƟcular spectral features. 

o ApplicaƟons: Common in colorimeters for analyzing specific color ranges. 

4. Notch Filters: 

o DescripƟon: Also known as band-reject filters, these filters block a narrow range 
of wavelengths and transmit wavelengths outside this range. 

 

o Advantages: Useful for excluding specific wavelengths that might interfere with 
measurements. 

o ApplicaƟons: Used when specific wavelengths need to be excluded from analysis. 

5. Neutral Density Filters: 

o DescripƟon: These filters reduce the intensity of all wavelengths equally, without 
altering the color balance. 



 

o Advantages: Allows control over light intensity without affecƟng color 
measurements. 

o ApplicaƟons: Used in scenarios where light intensity needs to be adjusted without 
changing the color spectrum. 

6. Monochromators: 

o DescripƟon: Although not a filter in the tradiƟonal sense, a monochromator 
disperses light into its component wavelengths and selects a specific wavelength 
for measurement. 

 

 

o Advantages: Provides a very narrow and precise wavelength range. 

o ApplicaƟons: Used for high-resoluƟon wavelength selecƟon and analysis. 



 

2.1.5 Monochromators & their classificaƟon 

DefiniƟon: A monochromator disperses incoming light into its component wavelengths and 
selects a narrow band of wavelengths to pass through, blocking all others. 

 

 

Key Components of a Monochromator 

1. Entrance Slit: The opening through which light enters the monochromator. It determines 
the amount of light entering the system. 

2. Dispersing Element: This separates the light into its component wavelengths. Common 
dispersing elements include prisms and diffracƟon graƟngs. 

3. Exit Slit: The opening through which the selected wavelength exits. It determines the 
spectral bandwidth of the output. 

4. OpƟcal Elements: Includes mirrors and lenses that direct and focus the light within the 
monochromator. 

5. Wavelength Selector: Mechanism or system that adjusts the angle of the dispersing 
element to select specific wavelengths. 

ClassificaƟons of Monochromators 

1. Prism Monochromators 

o DescripƟon: Uses a glass or quartz prism to disperse light based on wavelength. 
Different wavelengths are bent by different amounts as they pass through the 
prism. 



 

o Advantages: Simple design, conƟnuous wavelength selecƟon. 

o Disadvantages: Limited spectral resoluƟon compared to diffracƟon graƟngs. 

o ApplicaƟons: Suitable for visible spectroscopy and general-purpose applicaƟons 
where high resoluƟon is not criƟcal. 

2. DiffracƟon GraƟng Monochromators 

o DescripƟon: Uses a diffracƟon graƟng to disperse light into its component 
wavelengths. The graƟng has a series of parallel grooves or lines that diffract light 
at different angles depending on the wavelength. 

 

o Advantages: High spectral resoluƟon and efficiency. Can be designed to cover a 
broad wavelength range. 

o Disadvantages: More complex than prisms, and may require careful alignment. 



o ApplicaƟons: Commonly used in high-resoluƟon spectroscopy, analyƟcal 
instruments, and scienƟfic research. 

3. Filter Monochromators 

o DescripƟon: Uses opƟcal filters (bandpass, interference filters) to select specific 
wavelengths. It can be a simpler alternaƟve to prisms or graƟngs. 

o Advantages: Simple and cost-effecƟve for applicaƟons with limited wavelength 
ranges. 

o Disadvantages: Limited to specific wavelength bands and lower resoluƟon. 

o ApplicaƟons: Used in applicaƟons where only a few specific wavelengths are 
needed. 

4. Fabry-Perot Monochromators 

o DescripƟon: UƟlizes an etalon, which is a pair of parallel reflecƟng surfaces, to 
achieve high spectral resoluƟon. Light interferes construcƟvely or destrucƟvely 
based on wavelength. 

 

 

o Advantages: Very high resoluƟon and narrow bandwidth selecƟon. 

o Disadvantages: Complex and typically more expensive. 

o ApplicaƟons: High-resoluƟon spectroscopy, advanced opƟcal measurements. 

5. Wavelength Scanning Monochromators 

o DescripƟon: Equipped with a scanning mechanism to conƟnuously vary the 
wavelength. This can involve rotaƟng a diffracƟon graƟng or adjusƟng the posiƟon 
of the prism. 

o Advantages: Allows for conƟnuous wavelength scanning and measurement. 

o Disadvantages: May be slower compared to fixed-wavelength systems. 



o ApplicaƟons: Spectroscopy, where a conƟnuous range of wavelengths needs to be 
analyzed. 

6. Dual-Beam Monochromators 

o DescripƟon: Uses two monochromators to simultaneously measure the intensity 
of light at two different wavelengths. 

o Advantages: Enables relaƟve measurements and comparisons between different 
wavelengths. 

o Disadvantages: More complex and expensive. 

o ApplicaƟons: Used in precise analyƟcal applicaƟons where simultaneous 
wavelength measurements are required. 

 

2.1.6 Photo colorimeter applicaƟons 

In medical and clinical seƫngs, photo colorimeters are used for a variety of applicaƟons, primarily 
due to their ability to measure color changes with high precision. Here’s a detailed look at their 
applicaƟons in these fields: 

1. Clinical DiagnosƟcs 

 Urinalysis: 

o ApplicaƟon: Photo colorimeters are oŌen used in urinalysis to measure the 
concentraƟon of various substances in urine. For example, they are used in tests 
for glucose, protein, bilirubin, ketones, and other analytes. 

o FuncƟon: The color change in test strips or reagent tablets, which react with the 
urine sample, is quanƟfied by the colorimeter to provide informaƟon about the 
concentraƟon of substances. 

 

 

 Blood Glucose TesƟng: 

o ApplicaƟon: Some blood glucose meters use colorimetric methods to determine 
glucose levels. The test strip changes color in the presence of glucose, and the 
photo colorimeter measures this color change. 

o FuncƟon: The intensity of the color change corresponds to glucose concentraƟon, 
allowing for precise blood glucose monitoring. 



2. Hemoglobin and Hematology TesƟng 

 Hemoglobin Measurement: 

o ApplicaƟon: Photo colorimeters are used in hemoglobin assays to measure the 
concentraƟon of hemoglobin in blood samples. 

o FuncƟon: The color of the blood or the reacƟon product is analyzed to determine 
hemoglobin levels, which is criƟcal for diagnosing anemia and other blood 
disorders. 

 Hematocrit Measurement: 

o ApplicaƟon: Hematocrit tests, which measure the proporƟon of blood volume 
occupied by red blood cells, can be analyzed using photo colorimeters. 

o FuncƟon: By assessing the color intensity related to red cell concentraƟon, the 
colorimeter helps in evaluaƟng hematocrit levels. 

3. Serum and Plasma Analysis 

 Bilirubin TesƟng: 

o ApplicaƟon: Photo colorimeters are used to measure bilirubin levels in serum or 
plasma, which is important for diagnosing liver funcƟon disorders and jaundice. 

o FuncƟon: Bilirubin levels are quanƟfied based on the color change in the reacƟon 
of bilirubin with specific reagents. 

 Cholesterol and Lipid TesƟng: 

o ApplicaƟon: In clinical laboratories, photo colorimeters measure cholesterol and 
other lipid levels in serum using colorimetric assays. 

o FuncƟon: The intensity of the color reacƟon corresponds to the concentraƟon of 
cholesterol or lipids, assisƟng in cardiovascular risk assessment. 

4. Drug TesƟng 

 Drug ConcentraƟon Monitoring: 

o ApplicaƟon: Photo colorimeters are used to measure the concentraƟon of certain 
drugs in blood or urine, ensuring therapeuƟc drug levels or detecƟng drug abuse. 

o FuncƟon: The color change in specific assays correlates with drug concentraƟon, 
helping in monitoring and managing drug therapy. 

5. Hormone TesƟng 

 Thyroid FuncƟon Tests: 



o ApplicaƟon: Hormone levels, such as thyroid-sƟmulaƟng hormone (TSH), can be 
measured using colorimetric assays in combinaƟon with photo colorimeters. 

o FuncƟon: Changes in color are used to quanƟfy hormone levels, aiding in the 
diagnosis of thyroid disorders. 

 Pregnancy TesƟng: 

o ApplicaƟon: Some pregnancy tests use colorimetric methods to detect human 
chorionic gonadotropin (hCG) levels in urine. 

o FuncƟon: The color intensity on the test strip is measured to determine the 
presence of hCG, confirming pregnancy. 

6. Biochemical and Immunoassays 

 Enzyme-Linked Immunosorbent Assay (ELISA): 

o ApplicaƟon: ELISA assays, which are used for detecƟng and quanƟfying proteins, 
hormones, or anƟbodies, oŌen employ photo colorimeters to measure color 
changes. 

o FuncƟon: The color intensity from enzyme-substrate reacƟons is analyzed to 
determine the concentraƟon of the target analyte. 

 C-ReacƟve Protein (CRP) TesƟng: 

o ApplicaƟon: CRP levels in serum are measured using colorimetric assays, with 
results indicaƟng inflammaƟon or infecƟon. 

o FuncƟon: The color change corresponds to CRP concentraƟon, aiding in diagnosing 
and monitoring inflammatory condiƟons. 

 

 

 

 

 

 

 

 

 



2.2  Spectrophotometer 

2.2.1 Working principle, 

A spectrophotometer is made up of two instruments: a spectrometer and a photometer.  The 
spectrometer is to produce light of any wavelength and the photometer is to measure the 
intensity of light.  

A spectrophotometer is an instrument used to measure absorbance at various wavelengths. In 
spectrophotometer the sample is placed between spectrometer and photometer. The 
photometer measures the amount of light that passes through the sample and sends a voltage 
signal to the display. If the absorbing of light change, the voltage signal also changes.  

It is similar to calorimeter except that it uses prism or diffracƟon graƟng to produce 
monochromaƟc light. It can be operated in UV (Ultraviolet) region, Visible spectrum as well as IR 
(Infrared) region of the electromagneƟc spectrum. 

The working principle of the Spectrophotometer is based on Beer-Lambert’s law which states that 
the amount of light absorbed by a color soluƟon is directly proporƟonal to the concentraƟon of 
the soluƟon and the length of a light path through the soluƟon. 

A ∝ cl 

Where, 

            A = Absorbance / OpƟcal density of soluƟon 

             c = ConcentraƟon of soluƟon 

              l = Path length 

or,        A = ∈cl 

             ∈ = AbsorpƟon coefficient 

2.2.2 Block diagram descripƟon 

The basic spectrophotometer instrument consists of a light source, a digital display, a 
monochromator, a wavelength sector to transmit a selected wavelength, a collimator for straight 
light beam transmission, photoelectric detector and a cuveƩe to place a sample. 

There are 7 essenƟal parts of a spectrophotometer 

Light source – In spectrophotometer three different sources of light are commonly used to 
produce light of different wavelength. The most common source of light used in the 
spectrophotometer for the visible spectrum is a tungsten lamp. For Ultraviolet radiaƟon, 
commonly used sources of are the hydrogen lamp and the deuterium lamp. Nernst filament is 
the most saƟsfactory sources of IR (Infrared) radiaƟon. 



 

 

 

Monochromator – To select the parƟcular wavelength, prism or diffracƟon graƟng is used to split 
the light from the light source. 

Sample holder – Test tube or CuveƩes are used to hold the colored soluƟons. They are made up 
of glass at a visible wavelength. 

Beam spliƩer – It is present only in double beam spectrophotometer. It is used to split the single 
beam of light coming from the light source into two beams. 

Mirror – It is also present only and double beam spectrophotometer. It is used to the right 
direcƟon to the spliƩed light from the beam spliƩer. 

Photodetector system – When light falls on the detector system, an electric current is generated 
that reflects the galvanometer reading. 

Measuring device – The current from the detector is fed to the measuring device –  the 
galvanometer. The meter reading is directly proporƟonal to the intensity of light. 

2.2.3 Light sources used in spectrophotometry 

In spectrophotometry different types of light sources are used depending on the wavelength 
range and the specific requirements of the spectrophotometric analysis. Here’s an overview of 
common light sources used in spectrophotometry: 

1. Tungsten-Halogen Lamps 

 Wavelength Range: Typically from 320 nm to 2500 nm (UV to near-IR). 



 CharacterisƟcs: Provides a conƟnuous spectrum with high intensity and stable output. 
Suitable for visible and near-infrared measurements. 

 ApplicaƟons: General-purpose spectrophotometry, including visible and near-infrared 
analysis. 

2. Deuterium Lamps 

 Wavelength Range: Approximately 160 nm to 400 nm (UV region). 

 CharacterisƟcs: Emits conƟnuous UV light with a stable output. EssenƟal for UV 
spectroscopy. 

 ApplicaƟons: Analysis in the ultraviolet range, including pharmaceuƟcals and chemical 
tesƟng. 

3. Xenon Lamps 

 Wavelength Range: Approximately 200 nm to 1000 nm (UV to visible). 

 CharacterisƟcs: Produces a broad conƟnuous spectrum with high intensity. Provides good 
coverage of both UV and visible regions. 

 ApplicaƟons: Spectroscopy covering both UV and visible ranges, oŌen used in high-
resoluƟon and high-sensiƟvity applicaƟons. 

4. Mercury Lamps 

 Wavelength Range: Provides specific emission lines, predominantly in the UV and visible 
regions. 

 CharacterisƟcs: Contains mercury vapor, emiƫng a set of discrete wavelengths. Used for 
specific wavelength lines rather than conƟnuous spectra. 

 ApplicaƟons: CalibraƟon and specific wavelength measurements, including some 
analyƟcal techniques. 

5. Neon Lamps 

 Wavelength Range: Provides specific emission lines in the visible region. 

 CharacterisƟcs: Emits disƟnct lines in the visible spectrum, used for calibraƟon and 
reference. 

 ApplicaƟons: CalibraƟon of spectrophotometers, especially in the visible range. 

6. Lasers 

 Wavelength Range: Can be very specific, depending on the type of laser (e.g., 266 nm, 
532 nm, 650 nm). 



 CharacterisƟcs: Provides monochromaƟc light with high intensity and coherence. Offers 
very narrow wavelength selecƟon. 

 ApplicaƟons: High-precision applicaƟons, such as fluorescence spectroscopy and Raman 
spectroscopy. 

7. Light Emiƫng Diodes (LEDs) 

 Wavelength Range: Depends on the specific LED; common ranges are UV, visible, and 
near-IR. 

 CharacterisƟcs: Compact, low power consumpƟon, and provides specific wavelength 
light. MulƟple LEDs can be used for different wavelength ranges. 

 ApplicaƟons: Portable and benchtop spectrophotometers, especially for visible light 
analysis. 

2.2.5 PhotosensiƟve detectors 

Photosensitive detectors are devices that convert light into electrical signals. They are essential 
components in a wide range of optical and imaging systems, including cameras, telescopes, 
spectrometers, and various scientific instruments. By transforming light into a measurable 
electrical response, these detectors allow for the analysis, measurement, and recording of light 
intensity and other optical properties. 

1. Principle: 
o Photosensitive detectors work by absorbing photons (light particles) and 

converting them into an electrical signal, typically a current or voltage. This 
process is based on the photoelectric effect, where light energy dislodges 
electrons from a material, creating a flow of electrical charge. 

o  
2. Types of Photosensitive Detectors: 

o Photomultiplier Tubes (PMTs): High-sensitivity detectors that amplify light signals 
through a series of dynodes, producing a strong electrical signal even from very 
low light levels. 

o Photodiodes: Semiconductor devices that generate a photocurrent proportional 
to the incident light intensity. They are used in many applications due to their fast 
response and linearity. 

o Charge-Coupled Devices (CCDs): Arrays of photodiodes that capture light as 
electronic charges. These charges are transferred and read out to form images or 
spectra, providing high spatial resolution. 

o Complementary Metal-Oxide-Semiconductor (CMOS) Sensors: Similar to CCDs 
but with on-chip processing, offering lower power consumption and faster 
readout, suitable for many imaging applications. 



o Avalanche Photodiodes (APDs): Operate under high reverse bias, creating an 
avalanche effect that amplifies the photocurrent, making them ideal for detecting 
weak light signals. 

o  
3. Applications: 

o Imaging: In digital cameras, telescopes, and microscopes to capture images or 
detailed observations. 

o Spectroscopy: In spectrometers to measure light intensity across different 
wavelengths for chemical analysis and material identification. 

o Optical Communication: In fiber optic systems to detect and process light signals 
transmitted over long distances. 

o Scientific Research: In experiments requiring precise measurement of light, such 
as in particle physics and astronomy. 

 

2.2.6 ApplicaƟons of spectrophotometer 

Some of the major applicaƟons of spectrophotometers include the following: 

• DetecƟon of concentraƟon of substances 

• DetecƟon of impuriƟes 

• Structure elucidaƟon of organic compounds 

• Monitoring dissolved oxygen content in freshwater and marine ecosystems 

• CharacterizaƟon of proteins 

• DetecƟon of funcƟonal groups 

• Respiratory gas analysis in hospitals 

• Molecular weight determinaƟon of compounds 

• The visible and UV spectrophotometer may be used to idenƟfy classes of compounds in 
both the pure state and in biological preparaƟons. 

 

 

 

 

 

 



2.3  Flame Photometer 

2.3.1 Working principle 

A flame photometer is an analyƟcal instrument used to measure the concentraƟon of 
certain metal ions, parƟcularly alkali and alkaline earth metals, by analyzing the light 
emiƩed when a sample is introduced into a flame. 

Here’s a brief overview of its working principle: 

1. Sample IntroducƟon: A liquid sample is introduced into a flame, typically using an 
atomizer that creates an aerosol of the sample. 

2. AtomizaƟon and ExcitaƟon: In the flame, the high temperature vaporizes the sample, 
causing metal ions to become excited. 

3. Emission of Light: As the excited metal ions return to their ground state, they emit light 
at specific wavelengths characterisƟc of each metal. 

4. DetecƟon: The emiƩed light is filtered to isolate the wavelength of interest, and a 
photodetector measures its intensity. 

5. QuanƟficaƟon: The intensity of the emiƩed light is proporƟonal to the concentraƟon of 
the metal ions in the sample, and this is used to determine the metal concentraƟon by 
comparing with known standards. 

In summary, a flame photometer measures the concentraƟon of specific metal ions by 
analyzing the light emiƩed from these ions when they are excited in a flame. 

2.3.2 Block Diagram of a Flame Photometer 

A block diagram of a flame photometer illustrates the main components and their 
funcƟons in a simplified form. Here’s a textual descripƟon of the block diagram: 

1. Sample IntroducƟon System 

o Atomizer: Converts the liquid sample into an aerosol. 

o Nebulizer: Creates a fine mist of the sample that is then introduced into the flame. 

2. Flame 

o CombusƟon Zone: Where the sample is introduced and the metal ions are 
atomized and excited. 

3. OpƟcal System 

o Filter or Monochromator: Selects the specific wavelength of light emiƩed by the 
metal ions. 



o Lenses/Prisms: Focus and direct the emiƩed light towards the detector. 

 

 

4. Detector 

o Photodetector: Measures the intensity of the emiƩed light. This could be a 
photomulƟplier tube (PMT) or a photodiode. 

5. Signal Processing 

o Amplifier: Amplifies the signal from the detector. 

o Analog-to-Digital Converter (ADC): Converts the analog signal into a digital form 
for processing. 

6. Readout System 

o Display/Printer: Shows the results of the analysis, which corresponds to the 
concentraƟon of the metal ions. 

 

2.3.3 Light sources used in flame-photometer 

In flame photometry, the flame is the primary source of excitaƟon energy rather than an 
external light source. The flame's high temperature atomizes and excites the metal ions, 
leading to the emission of characterisƟc light. External light sources are generally not used 



in flame photometers; instead, the focus is on analyzing the light emiƩed by the excited 
ions within the flame. Here’s a brief overview: 

Types of Light Sources Used in Flame Photometers 

1. The Flame Itself 

o Primary Source of ExcitaƟon: The flame used in a flame photometer is the main 
source of excitaƟon. The high temperature of the flame (typically produced by a 
mixture of fuel and oxidizer, such as propane and air or acetylene and air) provides 
the energy needed to atomize and excite the metal ions in the sample. 

o No External Light Source Needed: The flame itself generates the excitaƟon energy 
needed for the metal ions to emit light at their characterisƟc wavelengths when 
they return to their ground state. 

2. Background Light Sources (for CalibraƟon and Measurement) 

o CalibraƟon Standards: For calibraƟon and to ensure accurate measurements, 
known standards with specific metal concentraƟons are used. These standards are 
introduced into the flame to create reference emission spectra. 

o OpƟcal Filters: Although not a light source per se, opƟcal filters or 
monochromators are used to isolate the specific wavelengths of light emiƩed by 
the metal ions, which are then detected. 

2.3.4 Atomizer 

An atomizer is a device used to convert a liquid sample into a fine mist or aerosol, which 
is then introduced into a flame or other analyƟcal environment for further analysis. In the 
context of flame photometry, the atomizer plays a crucial role in ensuring that the sample 
is properly prepared for atomizaƟon and excitaƟon of its metal ions. 

 



 

Key FuncƟons of an Atomizer: 

1. Conversion of Liquid to Aerosol: 

o NebulizaƟon: The atomizer breaks the liquid sample into Ɵny droplets, creaƟng an 
aerosol. This fine mist is essenƟal for efficient atomizaƟon in the flame. 

2. Mixing with Carrier Gas: 

o Transport: The aerosolized sample is mixed with a carrier gas (such as air or an 
inert gas), which helps to transport the aerosol into the flame and maintain a 
steady flow of the sample. 

3. Ensuring Sample Efficiency: 

o Consistency: It ensures that the sample is introduced into the flame in a consistent 
and reproducible manner, which is vital for accurate and reliable measurements. 

Types of Atomizers: 

1. PneumaƟc Nebulizer: 

o OperaƟon: Uses a high-pressure gas stream (oŌen air) to aspirate the liquid 
sample through a small nozzle, creaƟng a fine mist. It is the most common type 
used in flame photometry. 

2. Ultrasonic Nebulizer: 

o OperaƟon: Uses ultrasonic waves to create the aerosol from the liquid sample. 
This type can produce finer droplets compared to pneumaƟc nebulizers. 

3. Electrothermal Atomizer: 

o OperaƟon: Uses an electric furnace to heat the sample, oŌen combined with other 
methods, though less common in flame photometry compared to atomic 
absorpƟon spectroscopy. 

4.  Flame Atomizer 

o OperaƟon: Involves the direct introducƟon of the liquid sample into a flame, 
where it is atomized by the heat of the flame. The flame serves as both the 
atomizer and the excitaƟon source. 

2.3.5 ApplicaƟons of Flame photometer 

Flame photometers are versaƟle analyƟcal instruments with a variety of applicaƟons 
across different fields. Here’s an overview of some of the key applicaƟons: 



1. Environmental Analysis 

 Water Quality TesƟng: Flame photometry is widely used to determine the 
concentraƟon of alkali and alkaline earth metals such as sodium (Na), potassium 
(K), calcium (Ca), and magnesium (Mg) in drinking water, wastewater, and natural 
water sources. 

 Soil Analysis: It helps in assessing soil nutrient levels, including potassium and 
calcium, which are crucial for plant growth. 

2. Clinical Chemistry 

 Blood and Urine Analysis: Used to measure the levels of electrolytes like sodium, 
potassium, and calcium in blood and urine samples. This is important for 
diagnosing and monitoring condiƟons such as kidney disease, electrolyte 
imbalances, and other metabolic disorders. 

3. Agriculture 

 Soil TesƟng: Determines the concentraƟon of essenƟal nutrients like potassium, 
calcium, and magnesium in soil samples, aiding in ferƟlizer management and crop 
producƟon. 

 Plant Analysis: Measures nutrient levels in plant Ɵssues to assess nutriƟonal status 
and opƟmize ferƟlizaƟon pracƟces. 

4. Industrial ApplicaƟons 

 Quality Control: In manufacturing processes, flame photometry is used to monitor 
the concentraƟon of metal ions in products and raw materials, ensuring quality 
and consistency. 

 Process Monitoring: Helps in controlling the concentraƟon of metal ions during 
chemical processing, such as in the producƟon of glass, ceramics, and detergents. 

5. PharmaceuƟcals 

 Drug FormulaƟon: Monitors metal ion concentraƟons in pharmaceuƟcal 
formulaƟons, ensuring that acƟve ingredients are present at the correct levels and 
maintaining product quality. 

6. Food and Beverage Industry 

 NutriƟonal Analysis: Measures metal ions in food and beverages to ensure 
compliance with nutriƟonal labeling and regulatory standards. 

 Quality Assurance: Assesses the metal content in ingredients and final products 
to maintain consistency and safety. 



7. Forensic Science 

 Toxicology: Detects metal ions in biological samples to idenƟfy poisoning or 
exposure to toxic metals. 

 

Blood Analyzer & its types 

3.9  IntroducƟon to Analyzers 

Blood analyzers are specialized medical devices used to perform various tests on blood 
samples. They play a crucial role in diagnosing diseases, monitoring health condiƟons, and 
guiding treatment decisions. 

Key FuncƟons of Blood Analyzers 

1. Complete Blood Count (CBC): Measures components like red blood cells, white 
blood cells, hemoglobin, and platelets to assess overall health and detect 
condiƟons such as anemia or infecƟons. 

2. Biochemical Analysis: Evaluates substances in the blood, such as glucose, 
electrolytes, enzymes, and hormones, to assess organ funcƟon and metabolic 
status. 

3. CoagulaƟon TesƟng: Analyzes blood cloƫng factors to help diagnose bleeding 
disorders or monitor anƟcoagulant therapy. 

4. Immunoassays: Detects specific proteins or anƟbodies, useful for diagnosing 
infecƟons, autoimmune diseases, and certain cancers. 

5. Blood Typing: Determines blood groups for transfusions and organ transplants. 

 

3.10  ClassificaƟon of Analyzers - Semi-AutomaƟc Analyzer , Fully AutomaƟc Analyzer , 
Difference between the Semi and Fully AutomaƟc Analyzers 

 Blood analyzers can be classified into two main categories: semi-automaƟc analyzers and 
fully automaƟc analyzers. Each type has disƟnct characterisƟcs, advantages, and 
applicaƟons. 

1. Semi-AutomaƟc Analyzers 

CharacterisƟcs: 

 User IntervenƟon: Require manual steps for sample preparaƟon, loading, and 
someƟmes for calibraƟng and maintenance. 



 OperaƟonal Complexity: Involves more complex workflows, necessitaƟng trained 
personnel to perform and oversee tests. 

 VersaƟlity: Can be adjusted for specific tests or protocols, allowing flexibility in 
operaƟons. 

Advantages: 

 Cost-EffecƟve: Generally lower iniƟal purchase and maintenance costs compared 
to fully automaƟc systems. 

 Adaptability: Suitable for specialized tests or lower tesƟng volumes. 

ApplicaƟons: 

 Smaller laboratories or clinics that handle a moderate number of tests. 

 SituaƟons where specialized or customized tesƟng is required. 

2. Fully AutomaƟc Analyzers 

CharacterisƟcs: 

 Complete AutomaƟon: Handle the enƟre tesƟng process automaƟcally, from 
sample loading to result output. 

 High Throughput: Designed for rapid processing of large volumes of tests with 
minimal user intervenƟon. 

 Standardized Procedures: Provide consistent and reproducible results due to 
automated workflows. 

Advantages: 

 Efficiency: Significantly reduce turnaround Ɵmes and labor costs by automaƟng 
repeƟƟve tasks. 

 Reduced Human Error: Minimize the potenƟal for human error in sample handling 
and analysis. 

ApplicaƟons: 

 High-volume clinical laboratories, hospitals, and research insƟtuƟons that require 
rapid and reliable results. 

 RouƟne tesƟng for a wide range of parameters in blood samples. 

  

 



Difference between the Semi and Fully AutomaƟc Analyzers 

 

Feature Semi-AutomaƟc Analyzers Fully AutomaƟc Analyzers 

User IntervenƟon 
Requires manual input for 
sample handling 

Minimal human 
intervenƟon; fully 
automated 

OperaƟonal 
Complexity 

More complex workflows 
needing trained 
personnel 

Streamlined processes; 
user-friendly 

TesƟng Volume 
Suited for lower volumes 
of tests 

Designed for high-
throughput tesƟng 

Cost 
Generally lower iniƟal 
and maintenance costs 

Higher iniƟal investment, 
but efficient long-term 

Flexibility 
More adaptable for 
specific or customized 
tests 

Standardized 
procedures, less 
flexibility 

Efficiency 
Slower processing Ɵmes 
due to manual steps 

Faster turnaround Ɵmes 
due to automaƟon 

Error Risk 
Higher potenƟal for 
human error 

Reduced human error 
through automaƟon 

ApplicaƟons 
Smaller labs or specialized 
tesƟng 

Large clinical 
laboratories and 
hospitals 

 

 

 

 

 

 

 



 

3.11  Block-diagram of Fully AutomaƟc Analyzer with descripƟons – Sampler , Pumps, Heater 
, Dialyzer , colorimeter , Recorder, Digital Printer 

 

 

Parts of Autoanalyzer 

i. Sampler. 

ii. ProporƟonaƟng pump. 

iii. Dialyzer. 

iv. Constant temperature. 

v. Flow through colorimeter. 

vi. Recorder. 

i. Sampler: 

(a) The sampler holds the samples for analysis in separate cups on a circular tray.       
The tray is rotated at intervals. 



(b) A probe connected by plasƟc tubing to the proporƟonaƟng pump enters each 
sample serially. 

(c) The volume of sample aspirated is determined by the pumping rate and the 
hold Ɵme of the probe in the sample. 

(d) The transit Ɵme between reservoir and sample is short. 

ii. ProporƟonaƟng Pump: 

(a) It determines the relaƟve flow rates of sample and all reagents. 

(b) The pumping technique involves the peristalƟc acƟon produced by a series of 
rollers passing along an array of parallel plasƟc “Pump tubes”. 

(c) Each roller compresses all tubes so that the rate flow in each tube is maintained.  

(d) Colour-coded tubes with a range of nominal diameters and pumping rates are 
available in three materials. 

(e) The normal tygon tubing is suitable for most reagents but Acid-flex and 
Salvaflex are also used. 

iii. Dialyser: 

(a) This part achieves the separaƟon of small and large molecules by allowing them 
to pass through a semipermeable membrane from the sample stream of liquid 
and air bubbles to a recipient, stream of liquid again segmented by air bubbles. 

(b) The dialysis rate depends on the temperature but complete passage of small 
molecules into the recipient stream is rarely achieved. 

(c) The analyƟcal process then requires that a constant fracƟon should dialyse and 
this is not always the case when simple aqueous and protein-containing 
soluƟons are compared. 

(d) It is important to ensure that the two streams flow in the same direcƟon. 

(e) Care must be taken to ensure that the output from the recipient stream is the 
one which enters the remainder of the analyƟcal system. If the sample stream 
is greatly diluted, the difference may not be seen easily. 

iv. Constant Temperature: 

(a) It is to maintain the reacƟon mixture at a constant temperature for a defined 
Ɵme to cause the required chemical change under controlled condiƟons. 

(b) The incubator bath consists of a glass delay coil mounted in a thermostaƟcally 
controlled oil bath. This is sealed and sƟrred constantly. 



(c) Most baths are set at 37°C or 95°C but some have allow operaƟon up to 120°C 
or even higher. 

 

v. Flew through colorimeter: 

(a) The colorimeter is to measure the intensity of colour produced in the reacƟon 
and to provide a graphical display of change in colour with Ɵme. 

 (b) The Auto-analyser colorimeter combines double beam operaƟon with inter-
ference filters to select the wavelength. 

vi. Recorder: 

  The servo-potenƟometer recorder is used to record the raƟo of the responses 
from the two detectors and these responses are proporƟonal to the intensity of 
light reaching the detectors. 

 

3.12  ClassificaƟon of Fully AutomaƟc Analyzer- ConƟnuous flow analyzer, Discrete automaƟc 
analyzer, Centrifugal automaƟc analyzer, Dry chemical automaƟc analyzer  

ConƟnuous flow analyzer 

 A ConƟnuous Flow Analyzer (CFA) is a type of fully automaƟc laboratory instrument that 
conƟnuously processes fluid samples through a system of tubing and valves. In a CFA, 
samples are mixed with reagents in a flowing stream, allowing for real-Ɵme monitoring of 
chemical reacƟons as the mixture passes through various detecƟon points. 

Key Features: 

 Flow-Based OperaƟon: Samples are transported conƟnuously, which enables 
simultaneous analysis of mulƟple parameters. 

 High Throughput: Designed for rapid tesƟng, making it suitable for laboratories handling 
a large volume of samples. 

 AutomaƟon: Minimizes manual intervenƟon, reducing the risk of human error and 
increasing efficiency. 

ApplicaƟons: 

CFA is commonly used in clinical chemistry laboratories for biochemical assays, 
environmental tesƟng, and food analysis, where it provides quick and reliable results for 
various analytes. Overall, CFAs are essenƟal tools in modern laboratories, streamlining 
processes and improving diagnosƟc capabiliƟes. 



 

Discrete automaƟc analyzer, 

 A Discrete AutomaƟc Analyzer is a fully automated laboratory instrument that processes 
individual samples separately, allowing for a wide range of tests to be performed with high 
accuracy and flexibility. In this system, each sample is pipeƩed into a dedicated cuveƩe or 
reacƟon chamber where it is mixed with reagents. 

Key Features: 

 Individual Sample Processing: Each test is conducted in isolaƟon, minimizing the risk of 
cross-contaminaƟon between samples. 

 Flexibility: Capable of running mulƟple assays simultaneously, with the ability to 
customize tests based on specific laboratory needs. 

 Automated Workflow: Reduces manual handling and operator error, enhancing efficiency 
and consistency in results. 

ApplicaƟons: 

Discrete automaƟc analyzers are widely used in clinical laboratories for rouƟne chemistry, 
immunoassays, and specialized tests. Their ability to quickly and accurately process a 
variety of samples makes them essenƟal tools for diagnosƟc and research purposes, 
ensuring Ɵmely paƟent care and effecƟve decision-making. 

4o mini 

Centrifugal automaƟc analyzer 

 A Centrifugal AutomaƟc Analyzer is a type of fully automaƟc laboratory instrument that 
uƟlizes centrifugal force to separate components of blood or other fluids during analysis. 
In this system, samples are placed in a rotor that spins at high speeds, enabling the 
separaƟon of different fracƟons based on their density. 

Key Features: 

 SeparaƟon Efficiency: The centrifugal force effecƟvely separates blood components, such 
as plasma, serum, and cells, allowing for targeted analysis of specific fracƟons. 

 Simultaneous TesƟng: Capable of performing mulƟple tests on different components at 
the same Ɵme, increasing throughput. 

 Automated Workflow: Reduces manual intervenƟon, enhancing accuracy and minimizing 
the risk of human error. 

 



ApplicaƟons: 

Centrifugal automaƟc analyzers are commonly used in clinical laboratories, especially in 
blood banks and for specific diagnosƟc tests requiring component separaƟon. Their ability 
to quickly provide results from separated fracƟons makes them valuable for diagnosing 
various health condiƟons and streamlining laboratory processes. 

Dry chemical automaƟc analyzer 

 A Dry Chemical AutomaƟc Analyzer is a fully automated instrument that uƟlizes dry 
reagents to analyze liquid samples. In this system, samples are applied to reagent pads or 
strips, where they react with the chemicals, producing measurable signals, typically 
through color change. 

 

Key Features: 

 Use of Dry Reagents: Eliminates the need for liquid reagents, which enhances stability 
and shelf life while reducing the risk of contaminaƟon. 

 Simplicity and Portability: OŌen compact and easy to use, making them ideal for point-
of-care tesƟng and environments with limited lab faciliƟes. 

 Rapid Results: Provides quick analysis, allowing for Ɵmely decision-making in clinical 
seƫngs. 

ApplicaƟons: 

Dry chemical analyzers are commonly used for measuring specific analytes such as glucose, 
cholesterol, and other biomarkers in blood or urine. Their convenience and efficiency make 
them valuable tools in both clinical and field seƫngs, promoƟng effecƟve health 
monitoring and diagnosis. 

 

3.13  ApplicaƟons of Fully AutomaƟc Analyzer. 

Here are the applicaƟons of fully automaƟc analyzers 

1. Clinical Chemistry: Performs rouƟne blood tests for metabolic monitoring. 

2. Hematology: Conducts complete blood counts and differenƟal white cell analyses. 

3. Immunology: Detects anƟbodies and hormones for disease diagnosis. 

4. Endocrinology: Measures hormone levels to assess endocrine disorders. 

5. Toxicology: Analyzes biological samples for drugs and alcohol tesƟng. 



6. Environmental TesƟng: Assesses water quality for contaminants and compliance. 

7. Food and Beverage TesƟng: Evaluates nutriƟonal content and safety in food products. 

8. Research and Development: Supports clinical trials with reliable biological marker data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT IV 

Blood Cell Measurement Techniques 

4.1 Blood cells & its types 

Blood cells are crucial components of the blood. The blood cells work together to maintain 
homeostasis, transport nutrients, and protect the body from disease. They can be categorized 
into three main types: 

1. Red Blood Cells (Erythrocytes): 

o FuncƟon: Transport oxygen from the lungs to the body and carbon dioxide from 
the body back to the lungs. 

o CharacterisƟcs: They contain hemoglobin, a protein that binds to oxygen. Red 
blood cells are biconcave in shape, which increases their surface area for gas 
exchange. 

2. White Blood Cells (Leukocytes): 

o FuncƟon: Play a key role in the immune system, defending the body against 
infecƟons and foreign invaders. 

o Types: 

 Neutrophils: The most abundant type, they respond quickly to infecƟon. 

 Lymphocytes: Include T cells and B cells, which are criƟcal for adapƟve 
immunity. 

 Monocytes: They differenƟate into macrophages and dendriƟc cells, 
helping to engulf pathogens. 

 Eosinophils: Combat mulƟcellular parasites and are involved in allergic 
reacƟons. 

 Basophils: Release histamine and other chemicals during inflammatory 
responses. 

3. Platelets (Thrombocytes): 

o FuncƟon: EssenƟal for blood cloƫng and wound healing. 

o CharacterisƟcs: They are cell fragments derived from megakaryocytes in the bone 
marrow. When a blood vessel is injured, platelets adhere to the site and help form 
a clot. 



These blood cells work together to maintain homeostasis, transport nutrients, and protect 
the body from disease. 

 

4.2 Different methods of blood cell counƟng 

Blood cell counƟng is essenƟal for diagnosing various health condiƟons. Common methods 
include: 

1. Manual CounƟng: 

o Hemocytometer: A specialized microscope slide with a grid paƩern used for 
counƟng blood cells manually. A diluted blood sample is placed in the 
hemocytometer, and cells are counted under a microscope. 

2. Automated Cell Counters: 

o Electronic Counters: These devices use light scaƩering or electrical impedance to 
count and differenƟate blood cells. They provide quick and accurate results for red 
blood cells, white blood cells, and platelets. 

3. Flow Cytometry: 

o This technique uses laser technology to analyze the physical and chemical 
characterisƟcs of cells as they flow in a fluid stream. It can provide detailed 
informaƟon about cell types and concentraƟons. 

4. Complete Blood Count (CBC): 

o A common test that uses automated analyzers to measure various parameters, 
including red and white blood cell counts, hemoglobin levels, hematocrit, and 
platelet counts. It provides a comprehensive overview of blood health. 

5. Staining Techniques: 

o Specific stains (e.g., Wright's stain) can be used in conjuncƟon with manual 
counƟng to enhance visibility and differenƟate cell types based on morphology. 

 

4.3  Microscopic Method  

This is the most common method of counƟng blood cells. It is also known as the counƟng 

chamber technique. The microscopic method of blood cell counƟng typically involves the 



use of a microscope in conjuncƟon with a specialized counƟng chamber. In this method 

the diluted sample is visually examined and the cells are counted in the microscope. 

 

 

               CounƟng Chamber (Microscopic Slide) 

 

 Here’s an overview of the process: 

1. PreparaƟon: 

o A hemocytometer is a precise glass slide with a grid etched onto its surface. 

o Blood samples are oŌen diluted with a suitable diluent (like saline or a specific 

anƟcoagulant) to ensure accurate counƟng. 

2. Loading the Sample: 

o A small volume of the diluted blood is placed in the hemocytometer's counƟng 

chamber. The cover slip is placed on top to create a defined space. 

 



3. CounƟng Cells: 

o Using a microscope, the technician examines the grid paƩern under a low power 

(10x or 20x) objecƟve. 

o The cells are counted in specific squares of the grid. Each square represents a 

known volume of blood. 

4. CalculaƟons: 

o The number of cells counted is mulƟplied by a diluƟon factor and adjusted based 

on the volume represented by the counted squares to calculate the concentraƟon 

of cells in the original blood sample. 

5. DifferenƟal Cell Count (opƟonal): 

o For differenƟaƟng cell types (like red blood cells, white blood cells, and platelets), 

specific stains can be used, and a higher power objecƟve (like 40x or 100x) can be 

employed. 

Advantages: 

 Simple and cost-effecƟve. 

 Provides direct visualizaƟon of cells. 

Disadvantages: 

 Labor-intensive and requires skilled personnel. 

 Subject to human error and variability in counƟng. 



4.4 Automated opƟcal method 

In this method is blood cells are passed through the light. The light is diverted when it strikes the 

blood cells. This light is then collected and converted into electrical pulses for counƟng.  

The blood sample is first diluted and then put in a glass container. This sample is then sent through 

a counƟng chamber in which the blood stream is converted in cross-secƟon by a concentric high 

velocity liquid sheath. A sample opƟcal system provides a dark field illuminated zone on the 

stream. Due to this the light is scaƩered in the forward direcƟon and then the light is collected 

on the cathode of a photomulƟplier tube. The light collected in the photomulƟplier tube produces 

pulses corresponding to each cell. These signals are then applied to a high input impedance 

amplifier which amplifies the signal. This amplified signal is the sent to an adjustable amplitude 

discriminator. The discriminator provides pulses of equal amplitude, which are used to drive a 

digital display. Instruments based on this technique take about 30 s for compleƟng the count. An 

accuracy of 2% is aƩainable. The instruments require about 1 ml of blood sample.  

Steps in the operaƟon 

1. In this method laser light is used. 

2. The diluted blood sample passes in a steady stream. A laser light is passed through this 

steam. 

3. Each cell present in the sample passes through the sensing zone of flow and the focused 

light is scaƩered from each cell. 

4. The photo-detector captures the scaƩered light. This captured light is then converted into 

electric pulses. 



 

 

5. The number of the pulses is directly proporƟonal to the number of cells passing through 

the sensing area in a fixed period of Ɵme. 

6. The paƩerns of the scaƩering are measured at different angles. 

7. The scaƩered light provides the informaƟon about cell structure, shape and reflecƟvity 

8. All these characterisƟcs are used to idenƟfy different type of cells present in the sample. 

Advantages 

 Speed: Automated systems can process large volumes of samples quickly, making them 

ideal for clinical seƫngs. 



 Accuracy: They reduce human error and provide consistent results. 

 Comprehensive Data: Many systems offer detailed informaƟon about cell populaƟons, 

including size distribuƟon and cell morphology. 

ApplicaƟons 

 Complete Blood Counts (CBC): Automated counters can provide complete blood count 

data, including red blood cells, white blood cells, and platelets. 

 Clinical DiagnosƟcs: They are widely used in hospitals and laboratories for diagnosing 

various condiƟons, such as anemia, infecƟons, and leukemia. 

4.5 Electrical conducƟvity method 

This method is also known as Coulter method. In this method the sample of the blood is 

diluted with the help of a soluƟon that is conducƟve in nature. This diluted sample is then 

passed through a narrow aperture. There are two electrodes are present on two sides of 

the aperture. A constant current is applied between the two electrodes. As the blood 

passes through the aperture the cells in the blood changes the resistances between the 

electrodes. Due this change in the resistance between the electrodes there is a change in 

the current between the electrodes. This change is then captured, amplified, computed 

and displayed. 

Steps in the operaƟon 

1. In this method a tube is placed in a beaker. There is a small hole (orifice) on the wall of 

the tube. One electrode is placed inside the tube. The second electrode is placed outside 



the tube but inside the beaker. The beaker is filled with the cell diluƟon. This arrangement 

makes an electric circuit between the two electrodes. The impedance across the hole is 

the measured. 

 

2.  When a parƟcle passes through the hole, a volume of electrolyte equivalent to the 

volume of the parƟcle is displaced from the sensing zone. This causes a change in the 

impedance across the hole.  

3. This change is measured as the voltage pulse or the current pulse. The pulse height is 

proporƟonal to the volume of the sensed parƟcle.  

4.  The pulse is the amplified to the required level in the pulse amplifier. 

5. A counter is used to count the number of cells or the parƟcle which passed through the 

hole in a fixed period of Ɵme. 



6. The cells of a specified size are counted by the counter. The limit of the size is done by the 

threshold circuit. 

7. The pulse output is displayed on an oscilloscope monitor. 

4.6 Blood Cell Counters (Coulter Counters) – working principle, system components  

Coulter Counters are automated devices widely used for blood cell counƟng. They operate 
based on the principle of electrical impedance. Here’s an overview of their working 
principle and system components: 

Working Principle 

1. Electrical Impedance: 

o The Coulter Counter measures changes in electrical resistance (impedance) as cells 
pass through a small aperture (a Ɵny opening). 

o When a cell enters the aperture, it displaces a volume of electrolyte soluƟon, 
which causes a temporary change in electrical resistance. The magnitude of this 
change is proporƟonal to the volume of the cell. 

2. CounƟng and Sizing: 

o Each Ɵme a cell passes through the aperture, the impedance change generates a 
pulse. The number of pulses corresponds to the number of cells counted. 

o The size of the pulses indicates the size of the cells, allowing for differenƟaƟon 
between various cell types (e.g., red blood cells, white blood cells). 

 

System Components 

1. Aperture: 

o A precision-made opening through which blood cells pass. It is typically filled with 
an electrolyte soluƟon, and its dimensions are crucial for accurate measurements. 

2. Electrodes: 

o PosiƟoned on either side of the aperture to create an electrical field. They measure 
the resistance change as cells pass through. 

3. Fluidics System: 

o Controls the flow of the blood sample through the aperture, ensuring that cells 
pass through one at a Ɵme for accurate counƟng. 



4. CounƟng Module: 

o Electronic circuitry that processes the pulses generated by the impedance 
changes, counƟng the number of cells and recording their sizes. 

5. Data Processing Unit: 

o SoŌware that analyzes the collected data, providing numerical counts of different 
cell types and presenƟng the results in a user-friendly format. 

6. Display and Output Interface: 

o A screen for displaying results, along with opƟons to print or export data for 
further analysis. 

Advantages of Coulter Counters 

 Speed and Efficiency: Can process thousands of cells in a short Ɵme. 

 Accuracy: High precision in counƟng and sizing cells. 

 Comprehensive Analysis: Can differenƟate between various blood cell types and provide 
addiƟonal parameters like hemoglobin concentraƟon and hematocrit. 

ApplicaƟons 

Coulter Counters are commonly used in clinical laboratories for rouƟne Complete Blood 
Counts (CBCs) and for diagnosing various medical condiƟons, including anemia, infecƟons, 
and blood disorders. 

 

4.7 Types of Blood Cell Counters. 

Blood cell counters are essenƟal tools in clinical laboratories, and they come in various 
types, each designed for specific counƟng and analysis needs. Here are the main types 
of blood cell counters: 

1. Manual Counters 

 Hemocytometer: A glass counƟng chamber used for manual counƟng of blood cells 
under a microscope. It allows for the visualizaƟon of cells and can be used for 
differenƟal counts. 

2. Automated Blood Cell Counters 

These are the most common in clinical seƫngs, providing rapid and accurate 
counts. 

 



 Impedance Counters: 

o Measure changes in electrical resistance as cells pass through an aperture. 

o Commonly used for complete blood counts (CBCs). 

 OpƟcal Counters: 

o UƟlize light scaƩering and imaging to count and classify cells. 

o OŌen found in flow cytometers and digital imaging systems. 

 Flow Cytometers: 

o Use lasers to illuminate cells as they flow in a single file through a laser beam. 

o Measure light scaƩer and fluorescence to determine cell type, size, and 
granularity. 

 

 Digital Cell Counters: 

o Capture images of cells and use soŌware to analyze and count them based on 
morphological features. 

3. Specialized Cell Counters 

 ReƟculocyte Counters: Specifically designed to count reƟculocytes (immature red 
blood cells) in the blood, which is important for assessing bone marrow funcƟon. 

 Platelet Counters: Focused on counƟng and analyzing platelets, useful in 
diagnosing cloƫng disorders. 

 Leukocyte (White Blood Cell) Counters: Specifically tailored to differenƟate and 
count various types of white blood cells (neutrophils, lymphocytes, etc.). 

4. Point-of-Care Devices 

 Portable devices that provide quick blood cell counts at the bedside or in 
outpaƟent seƫngs, oŌen using simplified opƟcal or impedance methods. 

5. Flow Cytometry for Specific ApplicaƟons 

 MulƟ-parameter Flow Cytometry: An advanced form of flow cytometry that 
analyzes mulƟple characterisƟcs of individual cells, useful for research and 
specific clinical diagnosƟcs (e.g., immunophenotyping in leukemia). 

 

 



  

UNIT V  

Pathology Instruments 

 

5.1 Haemoglobinometer- Working Principle, Block diagram descripƟon & its applicaƟon 

A hemoglobinometer is a device used to measure the concentraƟon of hemoglobin in 
blood. It's a criƟcal tool in diagnosing anemia and other blood disorders. Here’s a detailed 
overview of its working principle, block diagram descripƟon, and applicaƟons. 

 

Working Principle 

The hemoglobinometer typically operates on the principle of colorimetry or photometry, 
where the amount of light absorbed by a hemoglobin soluƟon correlates with the hemoglobin 
concentraƟon. The key steps include: 

1. Sample PreparaƟon: A blood sample is collected and oŌen mixed with a reagent that lyses 
the red blood cells, releasing hemoglobin into soluƟon. 

2. Measurement: 

o Color Development: The hemoglobin reacts with specific reagents to form a 
colored compound. The intensity of this color is proporƟonal to the hemoglobin 
concentraƟon. 



o Light AbsorpƟon: A light source emits light of a specific wavelength that is passed 
through the sample. The amount of light absorbed by the sample is measured by 
a photodetector. 

3. CalculaƟon: The device calculates the hemoglobin concentraƟon based on the intensity 
of the transmiƩed light compared to a standard curve. 

Block Diagram DescripƟon 

A basic block diagram of a hemoglobinometer typically includes the following components: 

1. Light Source: A lamp (oŌen LED or tungsten) that emits light at a specific wavelength. 

2. Sample Chamber: Where the blood sample is placed, usually in a cuveƩe that allows light 
to pass through. 

3. OpƟcal System: Includes lenses or filters that direct the light from the source to the 
sample and then to the detector. 

4. Detector: A photodetector (such as a photodiode or photomulƟplier tube) that measures 
the intensity of light transmiƩed through the sample. 

5. Processor/Controller: An electronic unit that processes the signals from the detector, 
performs calculaƟons, and converts them into a readable format (e.g., digital display). 

6. Display Unit: Shows the hemoglobin concentraƟon in standard units (g/dL or g/L). 

ApplicaƟons 

1. Anemia Diagnosis: Hemoglobinometers are commonly used in clinical seƫngs to 
diagnose various types of anemia by measuring hemoglobin levels. 

2. Monitoring Therapy: They help in monitoring paƟents undergoing treatment for blood 
disorders, ensuring effecƟve management. 

3. PreoperaƟve Assessments: Used in hospitals to assess hemoglobin levels before surgeries 
to evaluate the risk of blood loss. 

4. Screening: Widely employed in blood donaƟon centers to screen potenƟal donors for 
adequate hemoglobin levels. 

5. Research: Useful in clinical and laboratory research to study hemoglobin-related 
condiƟons. 

5.2 Electric Centrifuge - Working Principle, Block diagram descripƟon & its applicaƟon 

An electric centrifuge is a laboratory instrument that uses rotaƟonal force to separate 
components of a mixture based on their densiƟes. Here’s an overview of its working 
principle, block diagram descripƟon, and applicaƟons. 



Working Principle 

The electric centrifuge operates on the principle of centrifugal force. When a mixture is 
spun at high speeds, denser components move outward and seƩle at the boƩom, while 
less dense components remain suspended or move toward the top. The process typically 
involves: 

1. Sample Loading: The sample mixture is placed in centrifuge tubes, which are then secured 
in the rotor. 

2. RotaƟon: The centrifuge motor spins the rotor at high speeds, creaƟng a strong centrifugal 
force. The force pushes the denser components outward. 

3. SeparaƟon: Over Ɵme, the mixture separates into disƟnct layers based on density: 

o Heavy parƟcles seƩle at the boƩom (pellet). 

o Lighter parƟcles remain above (supernatant). 

 

 



Block Diagram DescripƟon 

A basic block diagram of an electric centrifuge typically includes the following components: 

1. Power Supply: Provides electrical energy to the motor. 

2. Motor: Drives the rotor, enabling high-speed rotaƟon. 

3. Rotor: Holds the sample tubes and is designed to rotate at high speeds. It may be fixed or 
swing-out. 

4. Control Unit: Allows the user to set and control speed (RPM) and Ɵme for the 
centrifugaƟon process. 

5. Safety Mechanisms: Include lid interlocks and imbalance detecƟon systems to ensure safe 
operaƟon. 

6. Display/Indicators: Show operaƟonal parameters such as speed, Ɵme remaining, and 
status of the centrifuge. 

ApplicaƟons 

1. Biological Research: Used for separaƟng cells, organelles, and macromolecules (like 
proteins and nucleic acids) from soluƟons. 

2. Clinical DiagnosƟcs: Commonly used to separate blood components (plasma, serum) for 
various tests. 

3. PharmaceuƟcals: Employed in drug formulaƟon and quality control processes. 

4. Environmental TesƟng: Useful for analyzing water and soil samples to separate 
contaminants. 

5. Food Industry: Used in quality control processes to separate emulsions or to clarify 
liquids. 

6. Clinical Labs: Plays a criƟcal role in blood banking and processing for transfusions. 

 

5.3 Microscope – Components, OperaƟng procedure & its applicaƟons 

A microscope is an essenƟal instrument used to magnify small objects, allowing for 
detailed observaƟon of structures that are not visible to the naked eye. Here’s an overview 
of its components, operaƟng procedure, and applicaƟons. 

Components of a Microscope 

1. OpƟcal Components: 



o Eyepiece (Ocular Lens): The lens you look through, typically magnifying the image 
10x. 

o ObjecƟve Lenses: MulƟple lenses with varying magnificaƟons (e.g., 4x, 10x, 40x, 
100x) that can be rotated into posiƟon. 

o Condenser: Focuses light onto the specimen; oŌen has an adjustable aperture to 
control the amount of light. 

2. Mechanical Components: 

o Stage: The plaƞorm where the slide is placed; oŌen has clips to hold the slide in 
place. 

o Coarse and Fine Focus Knobs: Used to adjust the height of the stage and focus the 
image. Coarse focus provides quick adjustments, while fine focus sharpens the 
image. 

o Arm: Supports the body tube and connects the base to the upper parts of the 
microscope. 

 

3. Light Source: 

o Illuminator: Provides light to illuminate the specimen. Common sources include 
halogen bulbs or LEDs. 

o Mirror (in older models): May reflect natural light onto the specimen. 

4. Body Tube: Connects the eyepiece to the objecƟve lenses, allowing light to travel from 
the specimen to the viewer's eyes. 

OperaƟng Procedure 

1. Setup: 

o Place the microscope on a stable surface and ensure that the light source is 
funcƟoning. 

2. PreparaƟon of the Slide: 

o Prepare a slide with the specimen (using a cover slip if necessary) and place it on 
the stage. 

3. Focusing: 

o Start with the lowest power objecƟve lens (4x or 10x). 



o Use the coarse focus knob to raise the stage unƟl the objecƟve lens is close to the 
slide. 

o Look through the eyepiece and slowly lower the stage using the coarse focus knob 
unƟl the specimen comes into view. 

o Switch to a higher power objecƟve lens and use the fine focus knob for sharpness. 

4. AdjusƟng Light: 

o Adjust the condenser and aperture diaphragm to opƟmize lighƟng for the 
specimen. 

5. ObservaƟon: 

o Observe the specimen, adjusƟng focus and light as necessary. 

o Record observaƟons or take photographs if needed. 

ApplicaƟons 

1. Biology: Used for examining cells, Ɵssues, and microorganisms. 

2. Medicine: Important for histological analysis, pathology, and microbiology. 

3. Materials Science: Used to analyze the microstructure of materials. 

4. EducaƟon: Fundamental tool in teaching sciences and research methods. 

5. Forensics: Helps in analyzing biological samples and trace evidence. 

6. PharmaceuƟcals: Used in drug development and quality control. 

 

5.4 Polymerase Chain ReacƟon (PCR) Machine 

A Polymerase Chain ReacƟon (PCR) machine, also known as a thermal cycler, is a 
laboratory device used to amplify specific segments of DNA. This technique is 
fundamental in molecular biology for applicaƟons such as geneƟc research, diagnosƟcs, 
and forensics. Here’s an overview of its components, working principle, and applicaƟons. 

 

Components of a PCR Machine 

1. HeaƟng Blocks: The core component where the PCR tubes are placed. It is designed to 
quickly change temperatures. 

2. Temperature Control System: Regulates the heaƟng and cooling cycles essenƟal for the 
PCR process. 



3. User Interface: Typically a digital display or touchscreen for programming temperature 
seƫngs, Ɵme intervals, and cycle numbers. 

4. Lid: A heated lid that prevents condensaƟon inside the tubes, ensuring that the reacƟon 
remains contained. 

5. Cooling System: Some advanced models may include a cooling mechanism for rapid 
temperature changes. 

Working Principle 

PCR involves a series of temperature changes that facilitate the amplificaƟon of DNA. The 
main steps include: 

1. DenaturaƟon (94–98°C): The double-stranded DNA is heated to separate it into two single 
strands. 

2. Annealing (50–65°C): The temperature is lowered to allow primers to bind (anneal) to the 
complementary sequences on the single-stranded DNA. 

3. Extension (72°C): DNA polymerase synthesizes a new DNA strand by adding nucleoƟdes 
to the primers, extending the DNA strands. 

These three steps consƟtute one cycle of PCR. The process is typically repeated for 20-40 
cycles, leading to exponenƟal amplificaƟon of the target DNA sequence. 

ApplicaƟons 

1. GeneƟc Research: Amplifying DNA for cloning, sequencing, or analysis of geneƟc 
mutaƟons. 

2. Clinical DiagnosƟcs: Used for detecƟng pathogens in infecƟous diseases (e.g., COVID-19, 
tuberculosis). 

3. Forensics: Amplifying DNA from crime scene samples for idenƟficaƟon purposes. 

4. Transgenic Research: AssisƟng in the creaƟon of geneƟcally modified organisms (GMOs). 

5. Environmental TesƟng: IdenƟfying microbial contaminaƟon in water or soil samples. 

6. Agricultural Biotechnology: Used in plant breeding programs for trait selecƟon. 

 

5.5 Microtome 

A microtome is a laboratory instrument used to cut extremely thin slices of material, 
known as secƟons. It is commonly used in histology and pathology to prepare samples for 



microscopic examinaƟon. Here’s an overview of its components, working principle, and 
applicaƟons. 

Components of a Microtome 

1. Cuƫng Mechanism: This includes the blade holder and the knife, which is typically made 
of steel, glass, or diamond, designed for precision cuƫng. 

2. Specimen Holder: Holds the Ɵssue sample securely in place during slicing. This can vary 
based on the type of microtome (e.g., rotary or sliding). 

3. Control Mechanism: Allows the user to adjust the thickness of the secƟons being cut. This 
can be a manual knob or an automated system. 

4. Base and Support: Provides stability and support for the enƟre instrument. 

5. Waste CollecƟon Tray: Catches the secƟons as they are cut to prevent contaminaƟon and 
facilitate clean-up. 

Working Principle 

The microtome operates by moving the specimen and the blade relaƟve to each other to 
create thin slices. The basic steps include: 

1. Sample PreparaƟon: The Ɵssue sample is oŌen fixed in paraffin wax or resin to provide 
support and maintain structure. 

2. Embedding: The fixed sample is embedded in a medium that solidifies (like paraffin) and 
is mounted in the specimen holder. 

3. SecƟoning: 

o The user adjusts the thickness seƫng. 

o The specimen is moved into contact with the blade, which slices off thin secƟons 
(typically 3-10 micrometers thick). 

4. CollecƟon: The cut secƟons are collected on a glass slide or placed in a designated tray for 
further processing (e.g., staining). 

ApplicaƟons 

1. Histology: Used for preparing Ɵssue samples for microscopic examinaƟon, criƟcal in 
diagnosing diseases. 

2. Pathology: EssenƟal for studying disease processes and changes in Ɵssues. 

3. Research: Employed in various biological and medical research fields for studying cellular 
structures. 



4. Forensic Science: Used to prepare samples for analyzing Ɵssues in forensic invesƟgaƟons. 

5. Materials Science: Can be used to cut thin secƟons of materials for microstructural 
analysis. 

 

5.6 Electrophoresis 

Electrophoresis is a process which separates charged parƟcles in a fluid with the help of 

electrical charge. It is most oŌen used to separate protein molecules or DNA. The 

procedures need a source for the electrical charge, a support medium and a buffer 

soluƟon. Electrophoresis is used in laboratories for the separaƟon of molecules based on 

size, density and purity. The separaƟon can be achieved through several different 

procedures depending on the type and size of the molecules 

 



Steps for Electrophoresis 

1. Gel electrophoresis is a technique commonly used in laboratories to separate 

charged molecules like DNA, RNA and proteins according to their size. 

2. Charged molecules move through a gel when an electric current is passed across 

it. 

3. An electric current is applied across the gel so that one end of the gel has a 

posiƟve charge and the other end has a negaƟve charge. 

4. The movement of charged molecules is called migraƟon. Molecules migrate 

towards the opposite charge. A molecule with a negaƟve charge will therefore be 

pulled towards the posiƟve end (opposites aƩract). 

5. The gel consists of a permeable matrix through which molecules can travel when 

an electric current is passed across it. 

6. Smaller molecules migrate through the gel more quickly and therefore travel 

further than larger fragments that migrate more slowly and therefore will travel a 

shorter distance. As a result the molecules are separated by size. 

ApplicaƟons for Electrophoresis 

1. It is used in the idenƟficaƟon and study of DNA and DNA fragments. 

2. It analyzes the presence and behaviors of proteins. 

3. Electrophoresis is used in the tesƟng of anƟbioƟcs. 

4. Electrophoresis is useful in the creaƟon and producƟon of vaccines. 

5. Electrophoresis is used to visualize the separaƟon of molecules. 



6. Electrophoresis is used to obtain quanƟtaƟve informaƟon aŌer the separaƟon of 

molecules. 

5.7 ELISA Reader 

An ELISA Reader, also known as a microplate reader, is an essenƟal instrument in 

laboratories for analyzing enzyme-linked immunosorbent assays (ELISA). It measures the 

absorbance, fluorescence, or luminescence of samples in microplates, allowing for the 

quanƟficaƟon of biomolecules such as proteins, hormones, and anƟbodies. 

Key Features 

1. Measurement Principles: 

o Absorbance: Most common method for ELISA, where the color change in the 

sample is measured at specific wavelengths to determine concentraƟon. 

o Fluorescence: Some assays uƟlize fluorescent labels, requiring a reader capable of 

exciƟng and detecƟng fluorescence. 

o Luminescence: Measures light emiƩed by a chemical reacƟon, oŌen used in more 

sensiƟve assays. 

2. Wavelengths: 

o ELISA readers can be single-wavelength or mulƟ-wavelength, allowing for flexibility 

in detecƟng various assays. 

o Common wavelengths include 405 nm, 450 nm, and 620 nm, depending on the 

assay’s specific reagents. 



3. Microplate Formats: 

o Typically compaƟble with 96-well plates, but some models can accommodate 384- 

and 1536-well plates for high-throughput screening. 

4. SoŌware IntegraƟon: 

o Most ELISA readers come with soŌware that allows data analysis, calibraƟon, and 

result interpretaƟon. 

o Users can generate standard curves, perform staƟsƟcal analyses, and export data 

in various formats. 

ApplicaƟons 

1. Clinical DiagnosƟcs: 

o Used for detecƟng diseases, monitoring immune responses, and measuring 

biomarker levels in paƟent samples. 

2. Research: 

o In academic and pharmaceuƟcal research, ELISA readers are vital for studying 

protein interacƟons, cytokine producƟon, and drug development. 

3. Quality Control: 

o In food and beverage industries, ELISA readers help ensure product safety by 

detecƟng allergens, pathogens, or contaminants. 

 



 

Advantages 

 SensiƟvity: ELISA readers can detect low concentraƟons of analytes due to their ability to 

measure opƟcal signals accurately. 

 High Throughput: The capability to process mulƟple samples simultaneously increases 

efficiency in labs. 

 AutomaƟon: Many modern ELISA readers can be integrated with roboƟc systems for 

automated sample handling and analysis. 

 

5.8 Chromatography & its applicaƟons Chromatography 

Chromatography is a laboratory technique for the separaƟon of a mixture. It consists of 

mobile phase and staƟonary phase. The mobile phase is a mixture of parƟcles which are 

to be separated. The parƟcles are dissolved in a liquid or gas. The staƟonary phase is a 

porous solid matrix through which the mobile phase passes. The various parƟcles of the 

mixture travel at different speeds, causing them to separate.  



 

 

 

Steps for Chromatography  

The most common chromatography is paper chromatography. Steps involved in it are as 

follows: 

1. A horizontal line is drawn near one end (about 1.5 cm from the boƩom edge) of 

the paper. 



2. The sample needs to be separated is placed as a small drop or line on to the 

paper using capillary tube. Label the drop by a pencil with an alphabet or 

number help to idenƟfy the compound later. The drops are then soaked on the 

paper and dried. 

3. The paper is then placed into a sealed container with a suitable solvent. The 

solvent level must be lower than the pencil line or drop on it.   

4.  The solvent rises up the chromatography paper taking each component of the 

sample with it. 

5. When the solvent rises near the end of the paper then the paper should be 

taken out from sealed container and air dried. The paper with separated bands 

of components is then observed under UV-light. 

6. The parƟcles in the sample travel along with solvent to give separate bands on 

the paper. The distance travelled by same parƟcles with respect to the solvent is 

always constant. 

ApplicaƟons  

 To idenƟfy and analyze samples for the presence of trace elements or chemicals. 

 It is used to separate compounds based on their molecular weight and element 

composiƟon. 

 It detects the unknown compounds and purity of mixture. 

 It is used in drug development. 

 It is used for determining the nutriƟonal quality of food 

 It is used in tesƟng water samples and also checks air quality. 


