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Rigorous impurity profiling is crucial to maintaining the safety and 
efficacy of pharmaceuticals, as even trace levels of impurities can impact drug 
quality. This review explores the systematic classification, identification, and 
quantification of impurities in drug substances. It emphasizes the use of advanced 
analytical methodologies, including both UV-based multicomponent analysis and 
cutting-edge techniques for identifying elemental and non-elemental impurities. 
Notably, sophisticated instrumentation such as Inductively Coupled Plasma Mass 
Spectroscopy (ICP-MS), Inductively Coupled Plasma Optical Emission 
Spectroscopy (ICP-OES), Atomic Absorption Spectroscopy (AAS), Laser-
Induced Breakdown Spectroscopy (LIBS), Energy-Dispersive X-ray 
Fluorescence (ED-XRF), Neutron Activation Analysis (NAA), Glow Discharge 
Mass Spectrometry (GD-MS), and Thermal Ionization Mass Spectrometry 
(TIMS) are employed to accurately measure impurities at ultra-trace levels. The 
necessity of stringent impurity testing is highlighted by recent case studies 
involving drug recalls, including the withdrawal of valsartan and the recall of 
metformin due to the detection of carcinogenic impurities. Such incidents 
highlight the potential risks of inadequate impurity monitoring. This review aims 
to provide a holistic perspective on impurity profiling by integrating various 
analytical methodologies, ensuring a more thorough and reliable approach to 
pharmaceutical quality control. By uniting these advanced techniques, the review 
outlines a proactive framework that supports regulatory compliance and fosters 
drug safety, ultimately enhancing public health outcomes. 
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INTRODUCTION 

 
Impurities in drug substances can adversely affect the safety, efficacy, and quality of pharmaceuticals. 

According to International Conference on Harmonization (ICH) Guidelines, impurities are any components of a 
drug substance that are not the intended chemical entity and can impact the active ingredient's purity. This review 
explores both the classification of impurities and advanced analytical techniques for their detection, including 
UV-based multicomponent analysis methods and elemental analysis techniques. The objective is to provide a 
holistic view of impurity profiling, emphasizing the integration of various methodologies for effective 
pharmaceutical quality control.2 

 
CLASSIFICATION OF IMPURITIES [1] [3] 
Understanding the different types of impurities is essential for effective pharmaceutical analysis: 
 Organic Impurities: Includes by-products, degradation products, and starting materials. 
 Inorganic Impurities: Non-organic substances such as heavy metals, inorganic salts, reagents, and catalysts. 
 Residual Solvents: Organic or inorganic solvents used during manufacturing that may remain in trace 

amounts. 
 Elemental Impurities: Metals that may come from manufacturing equipment or raw materials, categorized 

based on toxicity and permitted daily exposure (e.g., Class 1: As, Cd, Hg; Class 2A: Co, Ni, V; Class 2B: 
Ag, Au, Pt; Class 3: Ba, Cr, Cu). 

 Polymorphic Forms: Different crystalline forms of a drug substance affecting its stability and 
bioavailability. 

 Enantiomeric Impurities: Stereoisomers of the drug substance with differing pharmacological effects. 
The study focuses on two primary analytical approaches for impurity profiling: UV-based multicomponent 
analysis methods and techniques for identifying elemental impurities.  
 
IDENTIFICATION OF ELEMENTAL IMPURITIES 
INDUCTIVELY COUPLED PLASMA MASS SPECTROSCOPY (ICP-MS) [4] [6] [37] [46] 

ICP-MS quantifies elemental concentrations with precision by ionizing the sample using high-
temperature plasma and measuring the mass-to-charge ratio Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) is a technique in mass spectrometry that employs an inductively coupled plasma to ionize samples. It 
efficiently atomizes the material, producing atomic and small polyatomic ions, which are subsequently detected. 
ICP-MS is widely recognized for its ability to analyse metals and certain non-metals in liquid samples at extremely 
low concentrations. Additionally, it can distinguish between different isotopes of the same element, making it 
valuable for isotopic labelling studies.When compared to atomic absorption spectroscopy, ICP-MS offers faster 
analysis, improved precision, and enhanced sensitivity. However, despite its advantages, ICP-MS tends to 
introduce more interfering species than other mass spectrometric techniques like Thermal Ionization Mass 
Spectrometry (TIMS) and Glow Discharge  
 
MASS SPECTROMETRY (GD-MS) 
INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION SPECTROSCOPY (ICP/OES)[5] [30] [32] [39] [50] 

The principle of Inductively Coupled Plasma/Optical Emission Spectrometry (ICP/OES) is based on the 
spontaneous emission of photons from atoms and ions excited in radiofrequency-induced plasma. In this 
technique, a liquid sample is introduced into an argon plasma, where it is dried, vaporized, and subjected to high 
temperatures (up to 10,000 K) that cause excitation and ionization of the sample atoms. These atoms emit light at 
specific wavelengths when they return to their ground states, and this emission is characteristic of the elements in 
the sample. A spectrometer detects and measures the emitted photons, which correspond to the presence and 
concentration of specific elements in the sample. ICP/OES allows simultaneous detection of multiple elements 
with high sensitivity and accuracy, making it a widely used method for trace element analysis across various 
applications, from environmental to industrial fields. 
 
ATOMIC ABSORBTION SPECTROSCOPY (AAS) [7] [8] [31] [45] 

Atomic absorption spectroscopy detects the light absorbed by free atoms in their gaseous state. Each 
element absorbs light at a specific wavelength, and the amount of absorbed light indicates the elements 
concentration. The principle of Atomic Absorption Spectroscopy (AAS) is based on the absorption of light by 
free, ground-state atoms in the gaseous state. When a light beam at a specific wavelength, which corresponds to 
the energy difference between the ground state and an excited state of the target element, passes through a sample 
containing the element of interest, the atoms absorb part of the light. This absorption correlates to the element's 
concentration in the sample and is governed by Beer's Law, which states that absorbance is directly proportional 
to concentration. This technique typically involves using a monochromatic radiation source, like a hollow cathode 



Athul Tet al / Int. J. of Pharmacy and Analytical Research. 13(4) 2024 [793-799] 

 

795 

lamp, that emits light specific to each element being measured. The selectivity of AAS is critical because each 
element absorbs light at a unique wavelength, allowing for targeted analysis in complex matrices. 
 
LASER INDUCED BREAKDOWN SPECTROSCOPY.[9] [10] [11]  

Laser Induced Breakdown Spectroscopy (LIBS) works by focusing a short, intense laser pulse onto a 
material, creating a plasma. The plasma, composed of ionized atoms from the material, emits light as it cools. The 
emitted light contains spectral lines unique to the elements present, which are analyzed using a spectrometer. This 
allows for the identification and quantification of the elemental composition of the sample, relying on the 
assumption that the plasma is The intensity of these spectral lines is proportional to the concentration of the 
elements, allowing both qualitative (identification of elements) and quantitative (measurement of concentration) 
analysis. LIBS is particularly advantageous for elemental analysis due to its multi-elemental detection capability, 
fast response time, and minimal sample preparation. However, challenges like self-absorption and matrix effects 
can complicate quantification and must be addressed to ensure accurate measurements in local thermodynamic 
equilibrium (LTE). 
 
ENERGY DISPERSIVE X RAY FLUORESCENCE[12] [13] [43] 

XRF analytical methods quantify the relative concentration of each element in a sample by utilizing 
atomic properties like absorption and fluorescence.EDXRF involves irradiating a sample with X-rays, which 
excite the atoms in the sample, causing them to emit characteristic secondary X-rays as they return to a lower 
energy state. These emitted X-rays are then detected and measured. The energy and intensity of emitted X-rays 
correlate with the elements in the sample, enabling the determination of its elemental composition. EDXRF is a 
non-destructive technique, requiring minimal sample preparation, and can simultaneously measure multiple 
elements, including trace impurities. 
 
NEUTRON ACTIVATION ANALYSIS. [14] [15] [42] 

Neutron Activation Analysis (NAA) operates on the principle of irradiating a sample with neutrons, 
which causes certain elements within the sample to capture these neutrons and form radioactive isotopes. As these 
isotopes decay, they emit gamma rays with specific energies unique to each element. By measuring these gamma 
rays, NAA can identify and quantify multiple elements in the sample simultaneously, even at very low 
concentrations. This method is non-destructive and requires minimal sample preparation, making it highly 
effective for trace metal analysis in various fields, including biomedical research. 
 
GLOW DISCHARGE MASS SPECTROMETRY. [16]  [17] [18] 

Glow Discharge Mass Spectrometry (GDMS) is a technique for detecting and quantifying trace elements 
in solid samples. It works by creating a plasma through the application of a direct current or radio frequency 
between a cathode (sample) and an anode in a low-pressure argon environment. Argon ions bombard the sample, 
leading to the sputtering, atomization, and ionization of atoms. These ions are then separated by their mass-to-
charge ratio and detected by a mass spectrometer. GDMS excels in reducing matrix effects, allowing for accurate 
quantification without matrix-matched standards. It is particularly useful for trace element analysis and depth 
profiling of layered materials, offering high sensitivity and precision. The technique is widely used in industries 
like metallurgy and semiconductor manufacturing due to its ability to analyze samples with minimal interference. 
 
THERMAL IONIZATION MASS SPECTROSCOPY[19] [20] 

In Thermal Ionization Mass Spectrometry (TIMS), the process begins by placing the sample on a 
filament, usually made of a metal like rhenium or tantalum, which is then heated to high temperatures. This heat 
provides the energy needed for atoms in the sample to overcome their ionization energy, resulting in the formation 
of ions. TIMS primarily focuses on creating positive ions by thermal ionization, as this is more efficient for 
elements with relatively low first ionization energies (below approximately 7.5 eV). However, for certain elements 
that do not ionize easily in their neutral state, oxide or other molecular ions can be generated to enhance ionization 
efficiency. The ions are then directed into the mass spectrometer, where they are separated based on their mass-
to-charge ratio, allowing for precise isotope ratio analysis. One limitation of TIMS is that elements with high 
ionization potentials or high volatility are not as easily ionized. However, the introduction of additives like silica 
gel can help extend the technique to some elements with higher ionization potentials (e.g., zinc with 9.4 eV). This 
method is highly valued for its precision in isotope ratio measurement, which has applications in various fields, 
including geochronology, environmental science, and nuclear research. 
 
UV-BASED MULTICOMPONENT ANALYSIS METHODS [40] [47] [48] 

Several advanced spectrophotometric techniques are used to enhance the accuracy of analytical 
measurements, especially in complex mixtures and for detecting impurities: 
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DIFFERENCE SPECTROSCOPY[21] [23] [54] [55] 

Difference Spectrophotometry involves measuring the absorbance differences between solutions of the 
analyte in different chemical forms. By comparing these forms, it becomes easier to identify impurities that might 
otherwise go undetected in traditional measurements. This method is particularly useful for distinguishing 
between the analyte and impurities that show overlapping spectra. 
 
DERIVATIVE SPECTROSCOPY[22] [25]  

Derivative Spectrophotometry enhances spectral resolution by calculating the derivatives of absorbance 
spectra. By transforming the original spectra into their first, second, or higher-order derivatives, this method 
improves the detection of subtle spectral features, which can help in identifying low-concentration impurities that 
would be difficult to resolve with normal spectrophotometry. The technique is especially useful in separating 
overlapping spectral peaks, thus improving precision in quantifying each component. 
 
DERIVATIVE RATIO SPECTRA METHOD[24] [26] 

The Derivative Ratio Spectra Method builds upon the principles of derivative spectrophotometry by 
employing absorbance ratio spectra. By using the ratios of the absorbance at different wavelengths, this technique 
removes constant interference, allowing for a clearer analysis of the individual components in a mixture. This is 
particularly useful when dealing with complex matrices where baseline shifts or other interferences might obscure 
accurate detection. 
 
Q ABSORBANCE RATIO METHOD [21] [23] [25] [55] 

The Q-Absorbance Ratio Method provides a more targeted approach to determining the concentration of 
components in a mixture. By calculating absorbance ratios at specific wavelengths where the components have 
known absorbances, this method ensures accurate quantification even in cases where the components have 
overlapping spectra. It is widely used in pharmaceutical analysis to precisely measure active ingredients in the 
presence of excipients. 
 
ISOBESTIC POINT METHOD[22][24] 

Lastly, the Isobestic Point Method is a powerful tool for analyzing mixtures with overlapping spectra. 
The isobestic point is a specific wavelength where two or more substances have the same absorptivity, meaning 
their combined spectra intersect. By measuring at this point, it becomes possible to determine the concentrations 
of individual components in a mixture, making this method highly effective in situations where spectral overlap 
occurs, such as in the analysis of drug degradation or reaction kinetics. 
Together, these methods expand the capabilities of traditional spectrophotometry, improving the detection and 
quantification of components in complex mixtures and enhancing the ability to identify impurities. 
 
DISCUSSIONS 
 

In terms of UV-based multicomponent analysis, the Simultaneous Equation Method proves effective for 
analyzing mixtures with distinct absorbance wavelengths, while Difference Spectrophotometry enhances 
specificity by altering chemical forms to detect trace impurities. Derivative Spectrophotometry is particularly 
useful for highlighting minor spectral features, aiding in the detection of low-concentration impurities. The 
Derivative Ratio Spectra Method resolves complex mixtures by eliminating constant interference, and the Q-
Absorbance Ratio Method offers accurate quantification through absorbance ratios. The Isobestic Point Method 
is effective for the simultaneous determination of substances with spectral overlap. 

For elemental impurity detection, ICP-MS is highly sensitive and precise, making it suitable for trace 
elemental analysis. ICP-OES provides effective multi-element analysis and offers a comprehensive impurity 
profile. AAS is accurate for determining specific elemental concentrations based on light absorption. 
 
CASE STUDIES[27] [28] [29] 

Recent case studies emphasize the critical need for stringent impurity testing. In the case of Valsartan, 
the detection of the carcinogenic impurity N-Nitrosodimethylamine (NDMA) led to a product recall, highlighting 
the importance of rigorous impurity profiling. EMA is reviewing valsartan medicines due to the presence of 
NDMA, aprobable carcinogen found in the active substance from Zhejiang Huahai Pharmaceuticals. The 
estimated risk is one extra case of cancer for every5,000 patients taking the highest dose daily for 7 years. . EMA 
is collaborating internationally and will provide updates on its website as the review progresses. 

Similarly, NDMA contamination in Metformin Hydrochloride Extended-Release Tablets prompted a 
recall, further underscoring the necessity for continuous monitoring of pharmaceutical impurities. Lupin 
Pharmaceuticals Inc. has issued a voluntary recall of Metformin Hydrochloride Extended-Release Tablets of 
500mg and 1000mg due to the detection of N-Nitrosodimethylamine (NDMA) impurity. 
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SUMMARY  
Ensuring the safety and efficacy of pharmaceutical products is critical, and one of the essential steps in 

this process is the rigorous profiling and analysis of impurities. Impurities, as defined by the International 
Conference on Harmonization (ICH) guidelines, refer to any component of a drug substance that is not the 
intended chemical entity. These impurities can negatively affect the purity, safety, and efficacy of pharmaceuticals. 
This review explores advanced techniques used in impurity profiling, focusing on both the classification of 
impurities and the analytical methods for their detection. The importance of stringent impurity testing is 
underscored by recent case studies, such as the withdrawal of Valsartan and the recall of Metformin, both of which 
were found to contain carcinogenic impurities like N-Nitrosodimethylamine (NDMA).Impurities in 
pharmaceuticals can be classified into various types, including organic impurities (by-products, degradation 
products, and starting materials), inorganic impurities (such as heavy metals and inorganic salts), residual solvents, 
elemental impurities, polymorphic forms, and enantiomeric impurities. These different types of impurities can 
originate from the manufacturing process, degradation over time, or interactions with raw materials. Effective 
impurity profiling and analysis require advanced techniques to accurately detect and quantify these impurities, 
ensuring the drug's quality and safety. One of the key methods used in impurity analysis is UV-based 
multicomponent analysis. This involves techniques like the Simultaneous Equation Method (Vierordt's Method), 
which utilizes differential absorbance at distinct wavelengths to quantify components in a mixture, and Difference 
Spectrophotometry, which measures absorbance differences between the analyte in different chemical forms. 
Derivative Spectrophotometry, which calculates the derivative of absorbance spectra to enhance resolution, and 
the Derivative Ratio Spectra Method, which uses absorbance ratios to remove interference, are also valuable 
techniques. The Q-Absorbance Ratio Method and the Isobestic Point Method, both of which rely on absorbance 
ratios, offer accurate quantification of components in pharmaceutical mixtures. 

In addition to UV-based methods, the detection of elemental impurities is critical for ensuring 
pharmaceutical safety. Advanced techniques such as Inductively Coupled Plasma Mass Spectrometry (ICP-MS), 
which measures ions based on their mass-to-charge ratio, and Inductively Coupled Plasma Optical Emission 
Spectroscopy (ICP-OES), which analyzes light emitted from excited atoms, are highly effective in detecting trace 
elements. Atomic Absorption Spectroscopy (AAS), which measures light absorption by free atoms, is another 
important tool for determining specific elemental concentrations. The importance of advanced impurity analysis 
techniques is highlighted by recent case studies in the pharmaceutical industry. The detection of NDMA, a 
carcinogenic impurity, led to the recall of several batches of Valsartan and Metformin, emphasizing the need for 
rigorous impurity testing. These incidents demonstrate the critical role of advanced analytical methods in 
identifying harmful impurities and ensuring the safety of pharmaceutical products. 
 
CONCLUSION 
 

In conclusion, impurity profiling and analysis are vital components of pharmaceutical quality control. 
The use of advanced techniques such as UV-based multicomponent analysis and elemental impurity detection 
methods ensures accurate impurity profiling, helping pharmaceutical companies comply with regulatory 
requirements and safeguard patient safety. As the pharmaceutical industry continues to evolve, ongoing 
advancements in analytical methods and regulatory practices will be crucial in addressing emerging challenges in 
impurity analysis. 
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