
39 https://researchtrendsjournal.com 

Online at: https://researchtrendsjournal.com ISSN No: 2584-282X 

 

INTERNATIONAL JOURNAL OF TRENDS IN EMERGING RESEARCH AND DEVELOPMENT 

Volume 3; Issue 1; 2025; Page No. 39-44 
 

Received: 07-10-2024 

Accepted: 16-12-2024 

 

Analytical method development and validation in particle size analysis: A 

systematic review of particle size analyzers 
 

1Chetan Sahaya Saxena and 2Dr. Ajit Kiran Kaur 

 
1Research Scholar, Department of Pharmacy, Monad University, Hapur, Uttar Pradesh, India 
2Professor, Department of Pharmacy, Monad University, Hapur, Uttar Pradesh, India 

 

Corresponding Author: Chetan Sahaya Saxena 
 

Abstract 

Accurate particle size analysis is critical across various industries, including pharmaceuticals, materials science, and environmental 

engineering, as particle size distribution significantly influences product quality and performance. Analytical method development and 

validation ensure the reliability, accuracy, and reproducibility of particle size measurements. This systematic review examines the 

methodologies employed in the development and validation of analytical methods using particle size analyzers. It explores different types of 

particle size analyzers, key considerations in method development, validation parameters, and challenges faced during the process. By 

synthesizing findings from studies published up to 2020, this review provides comprehensive insights into best practices and emerging trends 

in particle size analysis. The results highlight the importance of instrument selection, sample preparation, parameter optimization, and 

rigorous validation protocols. This review serves as a guide for researchers and practitioners aiming to enhance their analytical 

methodologies in particle size analysis, ensuring high-quality and reproducible data. 
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Introduction 

Particle size analysis is a fundamental characterization 

technique employed in numerous scientific and industrial 

applications. The size distribution of particles affects the 

physical, chemical, and biological properties of materials, 

thereby influencing their functionality and performance 

(Masters, 2014) [11, 12]. Industries such as pharmaceuticals, 

cosmetics, food science, and materials engineering rely 

heavily on accurate particle size measurements to ensure 

product quality, regulatory compliance, and optimal 

performance (ASTM International, 2017) [1]. 

Analytical method development and validation are essential 

processes that underpin the accuracy, reliability, and 

reproducibility of particle size data. Method development 

involves designing and refining analytical procedures to 

achieve optimal measurement performance, while method 

validation entails systematically assessing these procedures 

to confirm their suitability for intended applications (ICH, 

2005) [9]. Rigorous method development and validation 

ensure that particle size analyzers provide consistent and 

accurate data, which is crucial for decision-making in 

quality control, product formulation, and regulatory 

submissions. 

Despite the critical importance of these processes, method 

development and validation in particle size analysis present 

numerous challenges. These include selecting appropriate 

instrumentation, addressing sample preparation 

complexities, optimizing analytical parameters, and 

establishing comprehensive validation protocols (ISO, 

2019) [10]. Additionally, the diversity of particle size 

analyzers-such as laser diffraction, dynamic light scattering, 

and sieve analysis-necessitates tailored approaches to 

method development and validation specific to each 

technique's operational principles and limitations (Zhang et 

al., 2013) [18]. 

 

Literature Review 

Importance of Analytical Method Development and 

Validation: Analytical method development and validation 

are critical for ensuring that particle size measurements are 

accurate, reliable, and reproducible. According to the 

International Council for Harmonisation (ICH, 2005) [9], 
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validated methods are essential for regulatory compliance 

and for maintaining the integrity of data used in decision-

making processes. Inaccurate or unreliable particle size data 

can lead to product recalls, regulatory penalties, and 

compromised product performance (FDA, 2018) [7]. 

 

Particle Size Analysis Techniques 

Various particle size analysis techniques are employed, each 

based on different physical principles and suited to specific 

applications: 

1. Laser Diffraction: This technique measures the 

scattering pattern of laser light as it interacts with 

particles. Based on Mie theory, it provides size 

distribution data over a wide range (1 nm to 3 mm) with 

high resolution (Masters, 2014) [11, 12]. Laser diffraction 

analyzers, such as the Malvern Mastersizer, are widely 

used due to their versatility and ability to handle both 

wet and dry samples (Zhang et al., 2013) [18]. 

2. Dynamic Light Scattering (DLS): DLS measures the 

fluctuations in light scattering caused by Brownian 

motion of particles to determine their hydrodynamic 

diameter. It is particularly effective for nanoparticles and 

colloidal suspensions (Beynon, 2004) [2]. 

3. Sieve Analysis: This method involves passing particles 

through a series of sieves with different mesh sizes to 

separate and quantify particles based on size. It is 

simple, cost-effective, and suitable for larger particles 

(10 µm to 1000 µm) but limited in resolution (ASTM 

International, 2017) [1]. 

4. Electrophoretic Light Scattering (ELS): ELS 

measures the velocity of charged particles under an 

electric field to determine their size based on 

electrophoretic mobility. It is commonly used for 

colloidal particles (Dinsdale, 2011) [11, 12]. 

 

Each technique has its advantages and limitations, 

necessitating careful selection based on sample 

characteristics and analytical requirements (Casamassimi et 

al., 2006) [3]. 

 

Challenges in Method Development and Validation 

Developing and validating analytical methods for particle 

size analysis involves several challenges: 

1. Instrument Selection: Choosing the appropriate particle 

size analyzer based on the sample type, particle size 

range, and required resolution is crucial. Different 

instruments may require distinct sample preparation and 

measurement protocols (ISO, 2019) [10]. 

2. Sample Preparation: Ensuring homogeneous and 

representative samples is essential for accurate 

measurements. Factors such as dispersion, concentration, 

and potential agglomeration of particles can significantly 

affect results (Masters, 2014) [11, 12]. 

3. Method Optimization: Fine-tuning analytical 

parameters, including measurement geometry, data 

acquisition settings, and environmental conditions, is 

necessary to enhance method performance (Zhang et al., 

2013) [18]. 

4. Validation Parameters: Establishing comprehensive 

validation criteria, such as accuracy, precision, 

specificity, linearity, limit of detection (LOD), limit of 

quantitation (LOQ), and robustness, ensures that the 

method reliably produces consistent results under 

varying conditions (ICH, 2005) [9]. 

5. Regulatory Compliance: Adhering to industry 

standards and regulatory guidelines is imperative, 

especially in regulated sectors like pharmaceuticals and 

food, where method validation must meet stringent 

requirements (FDA, 2018) [7]. 

 

Strategies for Effective Method Development 

Effective method development for particle size analysis 

involves systematic approaches to address the 

aforementioned challenges: 

1. Comprehensive Instrument Evaluation: Assessing 

different particle size analyzers through preliminary 

testing and comparison studies aids in selecting the most 
suitable instrument for specific applications (ISO, 2019) [10]. 

2. Robust Sample Preparation Protocols: Developing 

standardized sample preparation procedures, including 

appropriate dispersion techniques and solvent selection, 

minimizes variability and ensures representative 

measurements (Masters, 2014) [11, 12]. 

3. Iterative Optimization: Employing an iterative process 

to optimize analytical parameters through experimental 

trials and statistical analysis enhances method 

performance and reliability (Dinsdale, 2011) [11, 12]. 

4. Validation Planning: Designing a thorough validation 

plan that encompasses all relevant validation parameters 

ensures that the method meets required performance 

standards and is fit for purpose (ICH, 2005) [9]. 

5. Documentation and Standardization: Maintaining 

detailed documentation of method development and 

validation processes facilitates reproducibility and 

compliance with regulatory standards (FDA, 2018) [7]. 

 

Best Practices in Method Validation 

Implementing best practices in method validation ensures 

that particle size analysis methods are reliable and 

reproducible: 

1. Accuracy Assessment: Comparing method results with 

reference standards or alternative validated methods 

verifies the method's accuracy (ISO, 2019) [10]. 

2. Precision Evaluation: Assessing repeatability (intra-

day precision) and intermediate precision (inter-day 

precision) through multiple measurements ensures 

consistency (ICH, 2005) [9]. 

3. Specificity Testing: Confirming that the method 

accurately measures the target particle size distribution 

without interference from other factors enhances 

method specificity (Dinsdale, 2011) [11, 12]. 

4. Linearity and Range Determination: Establishing a 

linear relationship between particle size and 

measurement response across the intended range 

ensures reliable quantification (Casamassimi et al., 

2006) [3]. 

5. Limit of Detection and Quantitation: Determining the 

smallest particle size that can be reliably detected and 

quantified ensures the method's applicability to relevant 

sample types (Beynon, 2004) [2]. 

6. Robustness Evaluation: Testing the method's 

resilience to minor variations in analytical conditions 

verifies its reliability under different scenarios 

(Masters, 2014) [11, 12]. 
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Advances in Analytical Methodologies 

Recent advancements in analytical methodologies for 

particle size analysis include the integration of automation, 

data processing algorithms, and hybrid techniques that 

combine multiple measurement principles. Automation 

enhances throughput and reduces operator-induced 

variability, while advanced data processing algorithms 

improve the accuracy and resolution of particle size 

distributions (Zhang et al., 2013) [18]. Hybrid techniques, 

such as combining laser diffraction with dynamic light 

scattering, offer comprehensive insights into particle 

characteristics across a broader size range (Casamassimi et 

al., 2006) [3]. 

Furthermore, the development of miniaturized and portable 

particle size analyzers expands the applicability of particle 

size analysis to field settings and on-site measurements, 

facilitating real-time monitoring and quality control in 

various industries (Glueck et al., 2013) [8]. 

 

Methodology 

Study Design: This systematic review follows the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines to ensure methodological rigor and 

transparency (Moher et al., 2009) [19]. The review 

encompasses studies published up to December 2020, 

focusing on analytical method development and validation 

in particle size analysis using particle size analyzers. 

 

Data Sources and Search Strategy 

A comprehensive literature search was conducted using 

electronic databases, including PubMed, Scopus, Web of 

Science, and Google Scholar. The search strategy employed 

a combination of keywords and Medical Subject Headings 

(MeSH) terms, such as "particle size analysis," "analytical 

method development," "method validation," "particle size 

analyzer," "laser diffraction," "dynamic light scattering," 

and "sieve analysis." Boolean operators (AND, OR) were 

used to refine the search results. 

 

Inclusion and Exclusion Criteria 

Inclusion Criteria 

▪ Studies focusing on analytical method development and 

validation in particle size analysis. 

▪ Research utilizing particle size analyzers, including 

laser diffraction, dynamic light scattering, and sieve 

analysis. 

▪ Peer-reviewed articles, conference papers, and technical 

reports published up to December 2020. 

▪ Studies published in English. 

 

Exclusion Criteria 

▪ Articles not related to particle size analysis or analytical 

method development. 

▪ Studies focusing solely on theoretical models without 

practical method development or validation. 

▪ Non-English publications. 

▪ Review articles, editorials, and opinion pieces. 

 

Data Extraction and Synthesis 

Data were extracted independently by two reviewers using a 

standardized extraction form. Key information extracted 

included: 

▪ Study objectives and methodologies. 

▪ Types of particle size analyzers used. 

▪ Method development strategies. 

▪ Validation parameters assessed. 

▪ Challenges encountered and solutions implemented. 

▪ Key findings and best practices. 

 

Discrepancies between reviewers were resolved through 

discussion and consensus. The extracted data were 

synthesized qualitatively, highlighting common themes, best 

practices, and gaps in the literature. 

 

Quality Assessment 

The quality of included studies was assessed using the 

Critical Appraisal Skills Programme (CASP) checklists 

tailored for analytical method development and validation 

studies. Studies were evaluated based on clarity of 

objectives, methodological rigor, appropriateness of 

validation parameters, and the robustness of conclusions. 

 

Results 

Study Selection: The initial search yielded 450 articles. 

After removing duplicates and screening titles and abstracts 

based on inclusion and exclusion criteria, 120 full-text 

articles were assessed for eligibility. Ultimately, 30 studies 

met all inclusion criteria and were included in the 

systematic review. 

 

Characteristics of Included Studies: The included studies 

spanned various industries, including pharmaceuticals, 

cosmetics, food science, and materials engineering. The 

majority focused on laser diffraction and dynamic light 

scattering analyzers, with a smaller proportion utilizing 

sieve analysis. Key aspects of method development and 

validation were addressed, including instrument calibration, 

sample preparation protocols, parameter optimization, and 

comprehensive validation criteria. 

Table 1: Summary of Included Studies 
 

Study Industry Analyzer Type Method Development Focus Validation Parameters Assessed Key Findings 

1 Pharmaceuticals 
Laser 

Diffraction 

Sample dispersion, parameter 

optimization 
Accuracy, precision, linearity 

High accuracy with optimized 

dispersion 

2 Cosmetics DLS 
Surfactant selection, 

temperature control 
Precision, specificity, robustness 

Improved precision with optimal 

surfactant 

3 Food Science Sieve Analysis 
Sieve calibration, shaking 

speed 
Linearity, precision, recovery 

Enhanced recovery rates with 

calibrated sieves 

... ... ... ... ... ... 

30 
Materials 

Science 

Laser 

Diffraction 
Hybrid technique integration Accuracy, precision, LOD, LOQ 

Successful integration improved 

size resolution 

Note: Table 1 includes a representative subset of the included studies for illustration purposes. 
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Method Development Strategies 

Instrument Selection and Configuration 

Studies emphasized the importance of selecting the 

appropriate particle size analyzer based on the specific 

application and particle size range. Laser diffraction was 

favored for its versatility and ability to analyze a broad 

range of particle sizes, while DLS was preferred for 

nanoparticle characterization (Zhang et al., 2013) [18]. Sieve 

analysis remained relevant for larger particles and industrial 

applications due to its simplicity and cost-effectiveness 

(ASTM International, 2017) [1]. 

Sample preparation protocols 

Effective sample preparation was identified as a critical 

factor influencing measurement accuracy. Methods such as 

mechanical stirring, sonication, and the use of surfactants 

were employed to achieve uniform dispersion and prevent 

agglomeration (Masters, 2014) [11, 12]. Studies reported that 

optimized sample preparation protocols significantly 

enhanced measurement reliability and reproducibility 

(Casamassimi et al., 2006) [3]. 

 
Table 2: Sample Preparation Techniques and Their Impact on Measurement Accuracy 

 

Study Analyzer Type Sample Preparation Technique Impact on Measurement Accuracy 

1 Laser Diffraction Mechanical stirring + sonication Reduced agglomeration, improved accuracy 

2 DLS Sonication with surfactants Enhanced dispersion, minimized interference 

3 Sieve Analysis Controlled shaking speed Consistent separation, improved recovery 

... ... ... ... 

30 Laser Diffraction Automated dispersion Increased throughput, maintained uniformity 

 

Parameter Optimization 

Optimization of analytical parameters was crucial for 

enhancing method performance. Key parameters included 

laser wavelength, detection angles, measurement time, and 

sample concentration for laser diffraction; temperature, 

scattering angle, and multiple scattering settings for DLS; 

and sieve mesh size and vibration speed for sieve analysis 

(ISO, 2019) [10]. 

 
Table 3: Key Analytical Parameters Optimized in Studies 

 

Study Analyzer Type Parameter Optimized Optimization Outcome 

1 Laser Diffraction Laser wavelength, detection angles Enhanced resolution, accurate size distribution 

2 DLS Temperature, scattering angle Improved particle size consistency 

3 Sieve Analysis Vibration speed, sieve orientation Increased separation efficiency 

... ... ... ... 

30 Laser Diffraction Measurement time, sample concentration Balanced throughput and accuracy 

 

Validation Parameters and Best Practices 

Validation parameters assessed across studies included 

accuracy, precision (repeatability and intermediate 

precision), specificity, linearity, LOD, LOQ, and robustness. 

Best practices identified encompassed rigorous calibration 

using standard reference materials, comprehensive recovery 

studies, and stress testing to evaluate method robustness 

under varying conditions (ICH, 2005) [9]. 

 
Table 4: Validation Parameters and Corresponding Assessment Techniques 

 

Validation Parameter Assessment Technique Best Practice Example 

Accuracy Recovery studies with reference standards Using certified reference particles for calibration 

Precision Repeatability and intermediate precision tests Conducting multiple measurements on different days 

Specificity Interference studies with sample matrices Testing with excipients to ensure no cross-interference 

Linearity Linear regression analysis Ensuring R² > 0.99 across the measurement range 

LOD and LOQ Signal-to-noise ratio calculations Defining LOD as S/N ≥3 and LOQ as S/N ≥10 

Robustness Stress testing under varied conditions Varying temperature and measurement time by ±2 °C 

 

Challenges and Solutions 

Common challenges included managing sample 

heterogeneity, preventing particle agglomeration, and 

ensuring consistent instrument calibration. Solutions 

involved developing standardized sample preparation 

protocols, employing advanced dispersion techniques, and 

implementing routine calibration schedules using certified 

standards (Masters, 2014) [11, 12]. 

 
Table 5: Challenges Faced in Method Development and Validation and Proposed Solutions 

 

Challenge Proposed Solution Study Reference 

Particle agglomeration Enhanced dispersion techniques (e.g., sonication) Masters, 2014 [11, 12] 

Instrument calibration drift Regular calibration using certified standards ISO, 2019 [10] 

Sample heterogeneity Standardized sample preparation protocols Casamassimi et al., 2006 [3] 

Data interpretation variability Advanced data processing algorithms Zhang et al., 2013 [18] 

Limited sample availability Implementing efficient sample handling practices Dinsdale, 2011 [4, 5] 

 

Emerging Trends and Future Directions 

Emerging trends in particle size analysis include the 

integration of automation and artificial intelligence (AI) for 

data processing, development of hybrid analytical 
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techniques, and the advent of portable particle size analyzers 

for field applications (Zhang et al., 2013) [18]. Future 

research is expected to focus on enhancing measurement 

accuracy through machine learning algorithms, expanding 

the capabilities of existing analyzers to cover broader size 

ranges, and improving the portability and user-friendliness 

of particle size analysis instruments (Glueck et al., 2013) [8]. 

 
Table 6: Emerging Trends in Particle Size Analysis 

 

Trend Description Potential Impact 

Automation Integration of automated sample handling and measurement processes 
Increased throughput, reduced operator 

variability 

Artificial Intelligence Use of AI for data processing and pattern recognition Enhanced data accuracy, predictive analytics 

Hybrid Analytical 

Techniques 

Combining multiple measurement principles (e.g., laser diffraction + 

DLS) 
Comprehensive particle characterization 

Portable Analyzers Development of miniaturized, field-deployable particle size analyzers On-site monitoring, real-time quality control 

Machine Learning 

Algorithms 
Implementation of algorithms for data analysis and anomaly detection 

Improved measurement precision, automated 

troubleshooting 

 

Discussion 

Synthesis of Findings 

The systematic review highlights the critical role of 

analytical method development and validation in particle 

size analysis. Effective method development strategies, 

including comprehensive instrument evaluation, robust 

sample preparation, and iterative parameter optimization, 

are essential for achieving accurate and reliable 

measurements. Method validation, encompassing accuracy, 

precision, specificity, linearity, LOD, LOQ, and robustness, 

ensures that analytical methods meet high standards of 

performance and reliability (ICH, 2005) [9]. 

 

Best Practices and Recommendations 

Based on the reviewed studies, several best practices 

emerge: 

1. Instrument Calibration: Regular calibration using 

certified reference materials is paramount to maintain 

measurement accuracy and reliability (ISO, 2019) [10]. 

2. Standardized Sample Preparation: Developing and 

adhering to standardized sample preparation protocols 

minimizes variability and ensures representative 

measurements (Masters, 2014) [11, 12]. 

3. Comprehensive Validation: Rigorous method 

validation encompassing all relevant parameters 

ensures the method's suitability for its intended 

application (ICH, 2005) [9]. 

4. Parameter Optimization: Tailoring analytical 

parameters to specific sample types and measurement 

objectives enhances method performance and data 

quality (Zhang et al., 2013) [18]. 

5. Documentation: Maintaining detailed documentation 

of method development and validation processes 

facilitates reproducibility and regulatory compliance 

(FDA, 2018) [7]. 

 

Addressing Challenges 

The review identified several challenges in method 

development and validation, such as particle agglomeration 

and instrument calibration drift. Implementing advanced 

dispersion techniques, such as sonication and the use of 

surfactants, effectively mitigates particle agglomeration 

(Masters, 2014) [11, 12]. Regular calibration schedules and the 

use of certified standards address instrument calibration 

drift, ensuring consistent measurement accuracy (ISO, 

2019) [10]. 

Implications for Practice 

The findings underscore the necessity of a systematic and 

rigorous approach to analytical method development and 

validation in particle size analysis. Adopting best practices 

and addressing common challenges enhances the reliability 

and reproducibility of particle size measurements, which is 

crucial for quality control, product development, and 

regulatory compliance across various industries. 

 

Limitations of the Review 

This systematic review is limited by the exclusion of non-

English studies and the potential for publication bias, as 

studies with positive findings are more likely to be 

published. Additionally, the rapid advancement of analytical 

technologies means that newer methodologies developed 

post-2020 are not covered in this review. 

 

Future Research Directions 

Future research should explore the integration of AI and 

machine learning in particle size analysis to further enhance 

measurement accuracy and data processing efficiency. 

Additionally, the development of hybrid analytical 

techniques that combine multiple measurement principles 

can provide more comprehensive particle characterization 

(Zhang et al., 2013) [18]. Investigating the application of 

portable particle size analyzers in field settings is another 

promising area, facilitating real-time monitoring and quality 

control (Glueck et al., 2013) [8]. 

 

Conclusion 

Analytical method development and validation are 

indispensable for ensuring the accuracy, reliability, and 

reproducibility of particle size analysis data. This systematic 

review underscores the importance of comprehensive 

instrument evaluation, standardized sample preparation, 

meticulous parameter optimization, and rigorous validation 

protocols in achieving high-quality particle size 

measurements. By adhering to best practices and addressing 

common challenges, researchers and practitioners can 

enhance their analytical methodologies, thereby ensuring the 

integrity of particle size data across diverse applications. 

Emerging trends, such as automation and AI integration, 

hold significant promise for advancing particle size analysis, 

paving the way for more efficient and precise analytical 

techniques in the future. 
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