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Abstract

A collection of analytical procedures known collectively as “impurity profiling” are intended to detect, identify, clarify the 
structure of, and quantify both organic and inorganic impurities as well as residual solvents in pharmaceutical formulations 
and bulk pharmaceuticals. This is the main task of contemporary drug analysis since it is the most effective approach to 
describe the stability and quality of pharmaceutical formulations and bulk pharmaceuticals. To keep an eye on them, specific 
analytical techniques must be created. When modifications are made to the synthesis, formulation, or production processes, 
even if they are done to improve them, new purities could be seen. 
The identification of impurities in Active Pharmaceutical Ingredients (APIs) and the need for purity are being emphasised 
by a number of regulatory bodies, including the Canadian Drug and Health Agency (CDHA), the United States Food and Drug 
Administration (FDA), and the International Conference on Harmonisation (ICH). Pharmaceutical products can contain 
impurities from a variety of sources, including reagents, heavy metals, ligands, catalysts and other materials like charcoal, 
filter aids, and the like. Degraded end products from hydrolysis, photolytic cleavage, oxidative degradation, decarboxylation, 
and other processes can also contain impurities, as can enantiomeric impurities. 
The various pharmacopoeias, including the Indian, American, and British pharmacopoeias, are gradually adding restrictions 
to the permissible concentrations of contaminants found in APIs or formulations. Capillary electrophoresis, electron 
paramagnetic resonance, gas-liquid chromatography, gravimetric analysis, high performance liquid chromatography, solid-
phase extraction techniques, liquid-liquid extraction techniques, mass spectrometry, ultraviolet spectrometry, infrared 
spectroscopy, supercritical fluid extraction column chromatography, nuclear magnetic resonance (NMR) spectroscopy, and 
RAMAN spectroscopy are some of the techniques used to isolate and characterize impurities in pharmaceuticals. Liquid 
Chromatography (LC)-Mass Spectroscopy (MS), GC-MS, LC-NMR, LC- NMR-MS, and LC-MS are the most frequently used 
hyphenated techniques for drug impurity profiling. This demonstrates the importance and range of drug impurity profiling in 
pharmaceutical research.
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Introduction

These impurities can arise from numerous sources 
such as raw materials, synthetic processes, degradation, 
or environmental factors. Understanding and controlling 
impurities are essential to ensure the safety, efficacy, and 
stability of pharmaceuticals [1]. Impurity profiling involves 
the identification, quantification, and characterization 
of these impurities through sophisticated analytical 
techniques such as chromatography, spectroscopy, and mass 
spectrometry.

Regulatory agencies like the U.S. Food and Drug 
Administration (FDA) and the European Medicines Agency 
(EMA) mandate stringent guidelines for assessing and 
managing impurities in pharmaceuticals to guarantee 
patient safety and product quality [2,3]. Several factors 
influence the impurity profile of pharmaceuticals, including 
the drug’s chemical structure, manufacturing process, and 
storage conditions. Manufacturers employ various strategies 
to minimize impurities during drug development and 
manufacturing, including process optimization, purification 
techniques, and rigorous quality control measures [4].

Understanding the impurity profile is crucial throughout 
the drug development lifecycle, from early-stage research 
to commercialization and post-market surveillance. It 
facilitates risk assessment, determination of acceptable 
limits, and establishment of appropriate control strategies 
to ensure compliance with regulatory standards and meet 
patient needs [5].

Regulatory Guidelines on Impurities in API’S

Regulatory guidelines for impurities in Active 
Pharmaceutical Ingredients (APIs) are crucial for ensuring 
the safety, efficacy, and quality of pharmaceutical products. 
Here are some key points and sources you might find useful:
International Conference on Harmonisation (ICH): 
The ICH provides guidelines that are widely accepted by 
regulatory authorities around the world. For impurities, 
particularly in APIs, ICH Q3A (Impurities in New Drug 
Substances) and ICH Q3B (Impurities in New Drug Products) 
are significant.
United States Pharmacopeia (USP): The USP sets 
standards for the identity, strength, quality, and purity 
of medicines, food ingredients, and dietary supplements 
manufactured, distributed, and consumed worldwide. USP 
<1086> “Impurities in Drug Substances and Drug Products” 
provides guidance on the identification, qualification, and 
control of impurities.
European Medicines Agency (EMA): The EMA provides 
guidelines on impurities in APIs as part of its regulatory 
framework for medicinal products in the European Union. 

Specific guidelines may vary depending on the type of 
product and the stage of development.
Pharmacopoeias: Many countries have their own 
pharmacopoeias, which include monographs detailing the 
specifications and testing procedures for impurities in APIs. 
Examples include the British Pharmacopoeia (BP), Japanese 
Pharmacopoeia (JP), and Indian Pharmacopoeia (IP).
National Regulatory Authorities: Each country has its own 
regulatory agency responsible for overseeing the approval, 
manufacturing, and marketing of pharmaceuticals. These 
agencies often provide specific guidelines and requirements 
for impurities in APIs.
ICH M7: For mutagenic impurities, ICH M7 provides guidance 
on assessment and control of DNA-reactive (mutagenic) 
impurities in pharmaceuticals to limit potential carcinogenic 
risk.

Risk Assessment 

Many guidelines emphasize the importance of risk 
assessment in determining acceptable levels of impurities 
based on factors such as toxicity, potency, and patient 
exposure.
When referencing specific guidelines, it’s essential to consult 
the most recent versions and consider the regulatory 
requirements applicable to the region where the API will be 
marketed [6,7].
Significance: Impurity profiling is a crucial aspect of 
pharmaceutical analysis, particularly in drug development 
and manufacturing. Here’s why it’s significant:
Safety: Impurities in drugs can pose serious risks to patients. 
They may cause adverse reactions, toxicity, or reduce the 
efficacy of the medication. By identifying and quantifying 
impurities, pharmaceutical companies can ensure that their 
products meet stringent safety standards.
Regulatory Compliance: Regulatory agencies such as the 
FDA (Food and Drug Administration) and EMA (European 
Medicines Agency) require thorough impurity profiling as 
part of the drug approval process. Compliance with these 
regulations is essential for market approval and continued 
sales of pharmaceutical products.
Quality Control: Impurity profiling is integral to quality 
control during drug manufacturing. By monitoring and 
controlling impurities at various stages of production, 
manufacturers can ensure consistency and quality in their 
products.
Process Optimization: Understanding the sources and 
pathways of impurity formation can lead to process 
optimization. By modifying manufacturing processes, 
companies can reduce impurity levels, increase yields, and 
improve the overall efficiency of drug production.
Stability Studies: Impurity profiling is essential in stability 
studies to assess the long-term stability and shelf-life of 
pharmaceutical products. By monitoring impurity levels 
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over time under various storage conditions, companies can 
determine appropriate storage conditions and expiration 
dates.
Batch-to-Batch Consistency: Consistency in impurity 
profiles across different batches of a drug is critical to ensure 
uniformity in product quality and safety. Impurity profiling 
helps identify any variations between batches, allowing 
manufacturers to take corrective actions as necessary.
Patent Protection: Impurity profiling can also play a role 
in patent protection. By characterizing impurities and 
their formation pathways, pharmaceutical companies can 
establish the uniqueness of their manufacturing processes, 
potentially strengthening their patent claims. Overall, 
impurity profiling is essential for ensuring the safety, 
efficacy, and quality of pharmaceutical products, as well as 
for regulatory compliance and process optimization in drug 
development and manufacturing [8,9].

Classification of Impurities

Impurities are broadly classified into: Organic Impurities, 
Inorganic impurities, Residual solvents
Organic Impurities: Organic impurities in active 
pharmaceutical ingredients (APIs) can arise from various 

sources such as starting materials, intermediates, or by-
products formed during the manufacturing process. These 
impurities can potentially impact the safety and efficacy of 
the final pharmaceutical product. Here are some common 
types of organic impurities found in APIs [10].
Starting materials or intermediates: These impurities 
originate from the raw materials used in the synthesis of the 
API. Even high- quality starting materials may contain trace 
amounts of impurities that can carry through to the final 
product [11].
By-Products: During the synthesis of the API, various 
intermediates are formed, and some of them might not 
be completely converted into the desired product. These 
unreacted intermediates or by- products can act as impurities 
in the final API.
Degradation Products: APIs can degrade over time due to 
various factors such as exposure to light, heat, moisture, or 
reaction with other chemicals. These degradation products 
can be organic impurities that need to be monitored and 
controlled.
Reagents and Catalysts: Residual reagents and catalysts 
used in the manufacturing process can also contribute to 
organic impurities in the API.

Figure 1: Organic Impurity.

Inorganic Impurities

Inorganic impurities in active pharmaceutical 
ingredients (APIs) refer to any non-organic substances 
present in the drug substance that are not intentionally 
added but may be introduced during the manufacturing 
process or as contaminants from raw materials, equipment, 
or the environment. These impurities can arise from various 
sources such as catalysts, reagents, solvents, or interactions 
with processing equipment [12].
Reagent, Ligands and Catalysts: These contaminants are 
extremely rare in the production process, and if the right 
protocol isn’t followed, it could lead to serious issues.
Heavy Metals: The primary solvent used in the production 

process is water, which can also contain a number of heavy 
metals, including lead, cadmium, and manganese. Reactors 
with glass linings or demineralized water are utilised to 
prevent it [13].
Other Materials: In the factories that produce bulk 
medications, filters or filtering aids like centrifuge bags are 
frequently utilised along with activated carbon. To prevent 
these contaminations, it is crucial to regularly check for fibres 
and black particles in the bulk medications. For instance, 
charcoal, filter helps
Residual Solvents: In the context of chemistry and 
manufacturing, residual solvents refer to any volatile organic 
compounds (VOCs) that remain in a substance after the 
manufacturing process. These solvents can include things 
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like: Water: Although water is not an organic solvent, it 
is often considered a residual solvent if it is present in 
significant quantities in a substance where its presence is 
unintended or undesirable.

Organic Solvents

These are volatile compounds that are used during 
the manufacturing process to dissolve other substances. 
Common examples include alcohols (methanol, ethanol), 
ketones (acetone), ethers (diethyl ether) and hydrocarbons 
(hexane, benzene).

In pharmaceuticals, for instance, residual solvents can 
pose significant risks to human health if present in the final 

product beyond acceptable limits. Regulatory bodies like the 
FDA (Food and Drug Administration) in the United States, 
the EMA (European Medicines Agency), and other similar 
agencies worldwide have established guidelines and limits 
for residual solvents in pharmaceuticals and other products 
[14].

Manufacturers typically employ various methods to 
remove residual solvents from their products, such as 
evaporation, vacuum drying, or purging with inert gases. 
Analytical techniques like gas chromatography are used to 
detect and quantify residual solvents in products to ensure 
compliance with regulatory standards [15].

Figure 2: Inorganic Impurity.

Sources of Impurities

Impurities can arise from various sources depending 
on the context, such as in chemistry, manufacturing, or 
environmental studies. Here are some common sources of 
impurities:
1. Raw Materials Impurities can be introduced during 

the extraction or sourcing of raw materials. Natural 
substances often contain impurities due to their origin 
or the processes involved in their formation.

2. Synthesis or Production Process Chemical reactions 
or manufacturing processes can sometimes yield 
impurities as byproducts. This can occur due to side 
reactions, incomplete conversions, or contamination 
from equipment or reagents [16].

3. Contaminants External substances can contaminate the 
product during handling, storage, or transportation. 
This could include dust, dirt, microbes, or other foreign 
particles. 

4. Reaction Intermediates In multi-step synthesis or 
complex reactions, intermediate compounds may form 
and persist as impurities in the final product.

5. Solvents and Catalysts Residual solvents or catalysts 

used in the production process can remain in the final 
product as impurities if not completely removed.

6. Environmental Sources Pollutants from the environment, 
such as air, water, or soil contaminants, can find their 
way into products or materials, especially in industries 
like agriculture, food processing, and pharmaceuticals 
[17].

7. Packaging Materials Sometimes, impurities can leach 
into products from the materials used in packaging, such 
as plastics, coatings, or adhesives.

8. Human Error Mistakes or oversight during handling, 
processing, or analysis can lead to impurities. For 
example, incorrect measurements, improper storage 
conditions, or inadequate cleaning of equipment.

9. Degradation or Decomposition Products can degrade 
over time, leading to the formation of impurities. This 
can occur due to exposure to light, heat, air, or other 
environmental factors.

10. Cross-Contamination In settings where multiple 
products or substances are processed or stored in close 
proximity, cross-contamination can occur, leading to the 
introduction of impurities from one material to another 
[18] Understanding the sources of impurities is crucial 
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for quality control and ensuring the purity of products in 
various industries.

Characterization of Impurities

It is crucial to evaluate a drug’s impurity as soon as it is 
discovered. If it is discovered that the sample contains more 

than 0.1% of an impurity, it must be described in accordance 
with FDA guidelines. It is necessary to characterise the raw 
material if impurities are anticipated, as these could result 
from degradation, the creation of intermediates, or complex 
formation with the excipient.

 

Figure 3: Characterization of Impurities.

Reference Standard: The primary objective of this 
approach is to measure and regulate reference standards 
that are utilised in the creation and supervision of novel 
pharmaceuticals. We are aware that reference standards give 
us access to fundamental data for assessing and monitoring 
the performance of bulk drugs, as well as by-products, 
contaminants, degradation products, excipients, raw 
materials, and intermediates [19].

Spectroscopic Methods

Spectroscopic methods play a crucial role in detecting 
and analyzing impurities in various substances across 
different fields such as chemistry, pharmaceuticals, materials 
science, and environmental science. These methods involve 
the interaction of matter with electromagnetic radiation, 
enabling scientists to identify and quantify impurities 
based on their unique spectral signatures. Some common 
spectroscopic techniques used for impurity analysis include
UV-Visible Spectroscopy: This method involves measuring 
the absorption of ultraviolet and visible light by a sample. 
Impurities can absorb light at specific wavelengths, allowing 
for their detection and quantification. UV-Visible spectroscopy 
is widely used for analyzing organic compounds, transition 
metal complexes, and determining the concentration of 
impurities in solutions [20].
Infrared (IR) Spectroscopy: IR spectroscopy measures 
the absorption of infrared radiation by molecules. Different 
functional groups within molecules absorb IR radiation at 

characteristic frequencies, providing information about the 
chemical structure of compounds. Impurities often exhibit 
distinct IR spectra compared to the pure substance, aiding in 
their identification [21].
Nuclear Magnetic Resonance (NMR) Spectroscopy: NMR 
spectroscopy analyzes the magnetic properties of atomic 
nuclei in a sample when subjected to a magnetic field and 
radiofrequency radiation. Impurities can cause shifts in 
the NMR signals of the main compound, allowing for their 
detection, identification, and quantification. NMR is especially 
useful for elucidating the structure of organic molecules and 
detecting impurities in complex mixtures [22].
Mass Spectrometry (MS): MS measures the mass-to-charge 
ratio of ions produced from a sample, providing information 
about its molecular composition. Impurities can be 
identified based on their unique mass spectra, fragmentation 
patterns, and isotopic signatures. MS is highly sensitive and 
is often coupled with other spectroscopic techniques for 
comprehensive impurity analysis [23].
X-ray Photoelectron Spectroscopy (XPS): XPS analyzes 
the energy of photoelectrons emitted from a sample when 
irradiated with X-rays. It provides information about 
the elemental composition and chemical state of surface 
impurities. XPS is commonly used for analyzing thin 
films, surfaces, and interfaces in materials science and 
semiconductor industry.
Raman Spectroscopy: Raman spectroscopy measures the 
scattering of laser light by a sample, providing information 
about its molecular vibrations and rotational transitions. 
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Impurities can alter the Raman spectra of the main 
substance, enabling their detection and characterization. 
Raman spectroscopy is non-destructive and can be applied 
to solids, liquids, and gases. These spectroscopic methods 
offer complementary information and are often used in 
combination to achieve comprehensive impurity analysis, 
ensuring the quality and purity of substances in various 
industries.

Chromatographic Methods

Chromatographic techniques play a crucial role in 
analyzing and separating impurities in various substances. 
These techniques are widely used in pharmaceutical, 
environmental, food, and chemical industries to ensure 
product quality and safety. Here are some common 
chromatographic techniques used for impurity analysis: 
High-Performance Liquid Chromatography (HPLC): 
HPLC is one of the most widely used chromatographic 
techniques for impurity analysis. It offers high sensitivity and 
resolution, making it suitable for detecting and separating 
impurities in complex mixtures. Different modes of HPLC, 
such as reversed-phase, normal phase, ion-exchange, and 
size-exclusion chromatography, can be employed based on 
the nature of impurities and the analyte [24].
Gas Chromatography (GC): GC is mainly used for volatile 
compounds and is particularly useful for analyzing 
impurities in organic compounds. It separates compounds 
based on their volatility and interaction with the stationary 
phase. GC is often coupled with mass spectrometry (GC-MS) 
for accurate identification of impurities [25].
Thin-Layer Chromatography (TLC): TLC is a simple 
and cost-effective chromatographic technique used for 
qualitative analysis of impurities. It involves the separation 
of compounds on a thin layer of adsorbent material coated 
on a glass or plastic plate. TLC is often used as a preliminary 
screening method before employing more advanced 
chromatographic techniques [26].
Ion Chromatography (IC): IC is specifically used for 
analyzing ions and charged molecules. It is commonly 
employed for the analysis of inorganic impurities, such as 
metal ions and anions. IC is beneficial in industries where 
the presence of certain ions as impurities can affect product 
quality.
Supercritical Fluid Chromatography (SFC): SFC utilizes 
supercritical fluids, such as carbon dioxide, as the mobile 
phase. It is suitable for separating non-volatile and thermally 
labile compounds, making it useful for impurity analysis in 
pharmaceuticals and natural products.
Size-Exclusion Chromatography (SEC): SEC separates 
molecules based on their size. It is often used for the analysis 
of macromolecular impurities, such as proteins and polymers 
[27].
These chromatographic techniques can be further 

enhanced by coupling them with detectors like UV-Vis 
spectrophotometers, mass spectrometers, or refractive index 
detectors to improve sensitivity and selectivity in impurity 
analysis.

Hyphenated methods

The following hyphenated methods can be used 
effectively to monitor impurities [28,29].
GC–MS
LC–MS 
LC–DAD–MS
LC–NMR
LC-MS-MS
HPLC-DAD-MS
HPLC-DAD-NMR-MS

Applications

The fields of drug design and quality, stability, and 
safety monitoring of pharmaceutical compounds- whether 
synthesised, derived from natural materials, or created 
through recombinant methods have seen a great deal of use. 
Alkaloids, amines, amino acids, analgesics, antimicrobials, 
anticonvulsants, antidepressants, tranquillizers, 
antineoplastic drugs, macromolecules, steroids, and other 
various substances are among the applications [30].

Conclusion

Impurities can create undesirable side effects and 
prevent a medicine from having the desired or intended 
pharmacological action if they are included in the finished 
product. Maintaining the safety and efficacy of medications 
depends heavily on impurity profiling. The risk can be 
reduced by determining the security of drug goods and 
then quantifying and eliminating the contaminants in the 
drug components. Because many organic and inorganic 
impurities are typically found in APIs and finished products, 
it can therefore be a useful tool for determining their 
toxicity, safety, identification, and quantification. Having 
distinct requirements or criteria for impurities is crucial. 
Consequently, impurity identification and management are 
critical to preserving the efficacy and safety of medications, 
and impurity profiling is very essential.
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