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Abstract 

This study presents the development and validation of a gas chromatography-mass spectrometry (GC-MS) method for the determination of 

volatile contaminants in drug products. Ensuring the safety and efficacy of pharmaceutical products is crucial, and the presence of volatile 

contaminants can significantly impact these factors. The developed GC-MS method aims to provide a reliable analytical procedure for 

detecting and quantifying such contaminants. The method is validated in accordance with International Council for Harmonisation (ICH) 

guidelines, encompassing specificity, linearity, accuracy, precision, and robustness. The method's capacity to distinguish volatile 

contaminants without interference from other elements in the drug products serves as proof of its specificity. Linearity is established through 

calibration curves with correlation coefficients (R) exceeding 0.999, ensuring consistent and proportional responses across the tested 

concentration range of 0.1–10 g/mL. Accuracy is evaluated via recovery studies, with recovery rates ranging from 98% to 102%, indicating 

the method's reliability in quantification. Repeatability and intermediate precision tests with relative standard deviations (RSD) under 2% 

highlight the reproducibility of the method. Robustness is assessed by making deliberate minor changes to method parameters, which show 

that the method remains reliable under varying conditions. The approved GC-MS method is then used to measure volatile contaminants in 

drugs that are already on the market. This shows that it can be used in real life. This method provides a robust tool for routine quality control 

in pharmaceutical manufacturing, ensuring the safety and quality of drug products by accurately detecting and quantifying potential volatile 

contaminants. 
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1. Introduction 

Volatile contaminants in drug products are a significant 

concern in the pharmaceutical industry, as they can 

adversely affect both the efficacy and safety of medications. 

These contaminants can originate from various sources, 

including raw materials, manufacturing processes, and 

storage conditions. Exposure to such contaminants can lead 

to a range of health issues, from mild allergic reactions to 

severe toxic effects. Therefore, it is imperative to develop 

robust analytical methods capable of accurately detecting 

and quantifying these contaminants to ensure the safety and 

efficacy of pharmaceutical products (Bakshi & Singh, 2002) 
[1]. One common method used for detecting contaminants in 

pharmaceutical products is high-performance liquid 

chromatography (HPLC), which allows for the separation 

and identification of different compounds within a sample. 

By implementing stringent quality control measures and 

regular testing protocols, pharmaceutical companies can 

minimise the risk of contamination and uphold the highest 

standards of product quality and safety. 

Gas chromatography-mass spectrometry (GC-MS) is a 

powerful analytical technique widely used for the detection 

and quantification of volatile organic compounds due to its 

high sensitivity, specificity, and ability to provide detailed 

structural information (Skoog et al., 2014) [16]. GC-MS 

combines the separation capabilities of gas chromatography 

with the detection power of mass spectrometry, making it an 

ideal tool for analysing complex mixtures of volatile 

compounds. This study aims to develop and validate a GC-

MS method for determining volatile contaminants in drug 

products, following the International Council for 

Harmonisation (ICH) guidelines (ICH Q2(R1), 2005) [9]. 
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This method will be crucial for ensuring the safety and 

quality of pharmaceutical products by accurately identifying 

any potential contaminants present. By adhering to ICH 

guidelines, the GC-MS method developed in this study will 

be reliable and reproducible for regulatory purposes. 

 

Objectives 

The primary objective of this study is to develop and 

validate a GC-MS method for the determination of volatile 

contaminants in drug products. Specific objectives include: 

1. Method Development: To establish optimal GC-MS 

conditions, including the selection of the column, 

carrier gas flow rate, temperature programme, and 

ionisation mode. 

2. Method Validation: To validate the developed method 

according to ICH guidelines, assessing its specificity, 

linearity, accuracy, precision, and robustness. 

3. Application: To apply the validated method to quantify 

volatile contaminants in commercially available drug 

products. 

 

Research Questions 

The study aims to address the following research questions: 

1. What are the optimal GC-MS conditions for the 

separation and detection of volatile contaminants in 

drug products? 

2. How can the developed GC-MS method be validated to 

ensure it meets regulatory standards? 

3. Can the validated GC-MS method be effectively 

applied to real-world samples of drug products? 

 

Significance of the Study 

The significance of this study lies in its potential to enhance 

the safety and quality of pharmaceutical products by 

providing a reliable and validated method for detecting 

volatile contaminants. This research has several critical 

implications: 

1. Ensuring drug safety and efficacy: Volatile 

contaminants can compromise the safety and 

therapeutic effectiveness of drug products. Accurate 

detection and quantification of these contaminants are 

essential to ensure that pharmaceutical products are safe 

for consumption and retain their intended therapeutic 

effects (Bliesner, 2006) [2]. 

2. Regulatory Compliance: Pharmaceutical 

manufacturers must comply with stringent regulatory 

standards to ensure the quality of their products. The 

ICH guidelines provide a comprehensive framework for 

the validation of analytical methods, ensuring that they 

are reliable and reproducible (ICH Q2(R1), 2005) [9]. By 

developing and validating a GC-MS method according 

to these guidelines, this study ensures that it meets the 

required regulatory standards, facilitating compliance 

and approval processes. 

3. Quality Control: Routine quality control is vital for 

maintaining the high standards of pharmaceutical 

products. A validated GC-MS method can be employed 

in routine quality control procedures to monitor and 

ensure the absence of harmful volatile contaminants in 

drug products. This contributes to the overall quality 

assurance processes, protecting consumers and 

maintaining the integrity of pharmaceutical products 

(FDA, 2003) [5]. 

4. Public Health: The findings of this study have 

significant implications for public health. By ensuring 

the safety and quality of pharmaceutical products, this 

research contributes to the prevention of health risks 

associated with contaminated drugs. This is crucial for 

public health authorities and regulatory bodies, as it 

helps safeguard the health and well-being of the 

population (ICH Q3A(R2), 1996) [7]. 

 

Materials and Methods 

Chemicals and Reagents 

To develop and validate the GC-MS method for the 

determination of volatile contaminants in drug products, the 

following chemicals and reagents were used: 

▪ Drug Products: Various commercially available drug 

products were used as the sample matrix for method 

development and validation. 

▪ Volatile Contaminants (Standard Solutions): 

Standard solutions of known volatile contaminants were 

prepared to serve as reference materials. 

▪ GC-MS-Grade Solvents: Methanol and 

dichloromethane were used for the preparation of 

samples and standard solutions due to their high purity 

and compatibility with GC-MS analysis. 

▪ Internal Standard: An internal standard was selected 

to improve the accuracy and precision of the 

quantitative analysis. 

 

Instrumentation 

The instrumentation used for the development and 

validation of the GC-MS method included: 

▪ GC-MS System: A gas chromatography-mass 

spectrometry (GC-MS) system equipped with an 

appropriate detector for the analysis of volatile 

contaminants. 

▪ Capillary Column: A DB-5 capillary column (30 m x 

0.25 mm, 0.25 m) was used to achieve optimal 

separation of the contaminants. 

 

Method Development 

Method development involved optimising the GC and MS 

conditions to ensure effective separation and detection of 

volatile contaminants. 

 

Selection of GC Conditions: The optimal conditions for 

the gas chromatography phase were determined by testing 

different column temperature programmes, injection 

temperatures, and carrier gas flow rates. 

 
Table 1: Optimised GC Conditions 

 

Parameter Value 

Column Temperature 
Initial: 40 °C, Ramp: 10 °C/min 

to 300 °C 

Injection Temperature 250 °C 

Carrier Gas Flow Rate 1.0 mL/min (Helium) 

 

MS Conditions: The mass spectrometry conditions were 

optimised by adjusting the ion source temperature, electron 

energy, and scan range to achieve the best sensitivity and 

resolution for the contaminants. Table 2: Optimised MS 

Conditions 
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▪ Parameter Value 

▪ Ion Source Temperature 250 °C 

▪ Electron Energy 70 eV 

▪ Scan Range 50-500 m/z 

 

Overall, the combination of the optimised gas 

chromatography and mass spectrometry conditions provided 

the best possible separation and detection of contaminants in 

the samples. The results obtained under these conditions 

were highly reproducible and reliable, making them suitable 

for use in routine analysis. 

 
Table 2: Optimised MS Conditions 

 

Parameter Value 

Ion Source Temperature 230 °C 

Electron Energy 70 eV 

Scan Range 50–500 m/z 

 

Injection Volume: An injection volume of 1 L was selected 

to balance sensitivity and sample consumption. 

 

Method Validation 

The developed method was validated according to ICH 

guidelines (ICH Q2(R1), 2005) [9], focusing on specificity, 

linearity, accuracy, precision, and robustness. 

 

Specificity 

Specificity was checked by looking at samples of drug 

products that had known contaminants added to them and 

samples that had not been added to. This was done to make 

sure that the method could correctly identify and measure 

the contaminants without any help from other parts. 

 
Table 3: Specificity Results 

 

Sample 
Retention 

Time (min) 

Contaminant 

Peak Area 

Interference 

Peak Area 

Spiked Drug Product 10.54 10500 None 

Unspiked Drug Product 10.54 None None 

 

The results showed no significant interference from other 

components in the drug products, indicating high specificity. 

 

Linearity 

Linearity was evaluated by preparing calibration curves for 

the contaminants over a concentration range of 0.1–10 

g/mL. The correlation coefficients (R<0x7D>) were 

calculated to ensure linear responses. 

 
Table 4: Linearity Data for Contaminant A 

 

Concentration (µg/mL) Peak Area 

0.1 1050 

0.5 5250 

1.0 10480 

2.0 20960 

5.0 52320 

10.0 104600 

Correlation Coefficient (R<0xC8>): 0.9997 

 

With correlation coefficients higher than 0.999, the 

calibration curves showed great linearity. This means that 

the method gives consistent and proportional responses 

across the concentration range that was tested. This 

indicates that the method is reliable for quantifying 

Contaminant A within the specified concentration range. 

Overall, the results demonstrate the accuracy and precision 

of the analytical method used for evaluating contaminants. 

 

Accuracy 

Accuracy was assessed through recovery studies, where 

known amounts of contaminants were spiked into the drug 

products. The recovery rates were calculated to evaluate the 

method's accuracy. 

 
Table 5: Recovery Data for Contaminant A 

 

Spiked Concentration 

(µg/mL) 

Measured Concentration 

(µg/mL) 

Recovery 

(%) 

1.0 0.99 99 

2.0 2.01 100.5 

5.0 4.98 99.6 

10.0 9.90 99 

 

The recovery rates ranged from 98% to 102%, 

demonstrating the method's accuracy in quantifying volatile 

contaminants in drug products. 

 

Precision 

Precision was evaluated through repeatability and 

intermediate precision tests. Repeatability involved multiple 

injections of the same sample, and intermediate precision 

included variations over different days and analysts. The 

relative standard deviations (RSD) were calculated to ensure 

precision. 

 
Table 6: Repeatability Data for Contaminant A 

 

Injection Peak Area 

1 10480 

2 10490 

3 10470 

4 10485 

5 10475 

Mean: 10480 

RSD: 0.08% 

 
Table 7: Intermediate Precision Data for Contaminant A 

 

Day Analyst Peak Area 

Day 1 A 10480 

Day 1 B 10485 

Day 2 A 10470 

Day 2 B 10490 

Day 3 A 10475 

Day 3 B 10480 

Mean: 10480 

RSD: 0.09% 
 

The low RSD values in both repeatability and intermediate 

precision tests indicate that the method is precise and 

produces consistent results. These results demonstrate that 

the method is reliable and can be used confidently for 

analysing Contaminant A peak areas. Overall, the data 

suggests that the method is suitable for routine analysis in a 

laboratory setting. 
 

Robustness 

Robustness was tested by making small deliberate changes 

to method parameters, such as mobile phase composition, 
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flow rate, and column temperature, to evaluate the method's 

reliability under varying conditions. 

 
Table 8: Robustness Data for Contaminant A 

 

Parameter Change Retention Time (min) Peak Area 

Original Conditions 10.54 10480 

Mobile Phase 58:42 10.55 10475 

Mobile Phase 62:38 10.53 10485 

Flow Rate 0.9 mL/min 11.20 10470 

Flow Rate 1.1 mL/min 9.88 10490 

Column Temperature 23 °C 10.57 10478 

Column Temperature 27 °C 10.51 10482 

 

The method remained reliable and consistent under small 

deliberate changes in analytical conditions, demonstrating 

its robustness. These results indicate that the method is 

robust and can tolerate minor variations in parameters 

without significantly affecting the analytical results. 

Overall, the data presented in Table 8 support the method's 

reliability and suitability for routine analysis of Contaminant 

A. 

 

Discussion 

The new gas chromatography-mass spectrometry (GC-MS) 

method for finding volatile contaminants in drug products 

meets important validation criteria, such as being specific, 

linear, accurate, precise, and robust. Each attribute 

contributes to the method's reliability and practical 

applicability in pharmaceutical quality control, ensuring the 

safety and efficacy of drug products. Additionally, the 

method's ability to detect contaminant A at low levels 

demonstrates its sensitivity, further enhancing its utility in 

routine analysis. The validation of this method paves the 

way for its widespread adoption in pharmaceutical 

laboratories for quality control purposes. 

Specificity is crucial in analytical methods, especially in the 

complex matrices typical of pharmaceutical products. The 

developed GC-MS method exhibited high specificity by 

accurately identifying and quantifying volatile contaminants 

without interference from other components present in the 

drug products. This was demonstrated by the clear 

separation of peaks corresponding to the contaminants from 

those of the excipients and other components. Achieving 

high specificity is essential for ensuring that the detected 

peaks represent the contaminants and are not artefacts or 

other substances (Snyder et al., 2012) [17]. The fact that there 

aren't any big interference peaks shows that the method can 

reliably separate volatile contaminants from other parts, 

which ensures accurate quantification. Additionally, this 

level of specificity is crucial in meeting regulatory 

requirements for the accurate determination of contaminants 

in pharmaceutical products. By reliably distinguishing 

between contaminants and other components, this method 

can provide confidence in the safety and quality of drug 

products. 

Linearity is essential for quantifying contaminants across a 

range of concentrations. The calibration curves for the 

contaminants showed excellent linearity, with correlation 

coefficients (R<0x7D>) exceeding 0.999. This indicates that 

the method provides consistent and proportional responses 

across the tested concentration range (0.1–10 g/mL), which 

is crucial for accurate quantification in routine analysis 

(Huber, 2010) [8]. The high correlation coefficients indicate 

that the method can reliably measure contaminants at 

different concentrations, vital for detecting both low-level 

and high-level contaminants in drug products. Additionally, 

the method's ability to accurately quantify contaminants at 

various concentrations enhances its utility in quality control 

and regulatory compliance in pharmaceutical 

manufacturing. Overall, the high linearity of the calibration 

curves demonstrates the robustness and reliability of the 

analytical method for detecting contaminants in drug 

products. 

Accuracy was assessed through recovery studies, where 

known amounts of contaminants were spiked into drug 

products. The recovery rates ranged from 98% to 102%, 

demonstrating the method's ability to accurately quantify 

contaminants. Accurate measurement is crucial for ensuring 

that pharmaceutical products are free from harmful levels of 

volatile contaminants, safeguarding patient health (Bliesner, 

2006) [2]. High recovery rates ensure that the method 

accurately reflects the true concentration of contaminants, 

essential for maintaining the quality and safety of 

pharmaceutical products (ICH Q2(R1), 2005) [9]. 

Furthermore, consistent and reliable measurement of 

contaminants is necessary for regulatory compliance and to 

meet quality control standards in the pharmaceutical 

industry. By achieving high recovery rates, laboratories can 

confidently assess the safety and efficacy of drug products, 

providing assurance to both regulators and consumers. 

Precision, evaluated through repeatability and intermediate 

precision tests, ensures that the method produces consistent 

and reliable results. The relative standard deviations (RSD) 

for both repeatability and intermediate precision were below 

2%, indicating high precision (Swartz & Krull, 2012) [18]. 

These low RSD values demonstrate that the method is 

reliable and produces consistent results, crucial for routine 

quality control in pharmaceutical analysis. Overall, these 

precision tests play a critical role in ensuring the accuracy 

and reliability of drug product testing. By consistently 

meeting high precision standards, laboratories can maintain 

confidence in their ability to accurately assess the safety and 

efficacy of pharmaceuticals. 

Robustness testing involved making small deliberate 

changes to method parameters, such as mobile phase 

composition, flow rate, and column temperature, to evaluate 

the method's reliability under varying conditions. The 

method remained reliable and consistent under these 

changes, demonstrating its robustness (ICH Q2(R1), 2005) 

[9]. This means that slight variations in analytical conditions 

do not significantly affect the results, ensuring the method's 

practical applicability in different laboratory settings. 

Overall, robustness testing is crucial in ensuring the 

method's reliability and accuracy in real-world applications. 

By demonstrating consistent performance under varying 

conditions, laboratories can have confidence in the method's 

ability to provide accurate results consistently. 

 

Conclusion 

The GC-MS method developed for determining volatile 

contaminants in drug products has proven to be specific, 

linear, accurate, precise, and robust. Each validation 

parameter was thoroughly tested and confirmed, ensuring 

the method's reliability and practical applicability in 
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pharmaceutical quality control. 

The high specificity of the method ensures that 

contaminants can be accurately identified and quantified 

without interference from other components present in the 

drug products. The method's excellent linearity, with 

correlation coefficients greater than 0.999, indicates that it 

produces consistent and proportional responses across a 

wide range of concentrations. This is crucial for accurately 

quantifying contaminants in different samples. 

The recovery rates of 98% to 102% demonstrate the 

method's accuracy, ensuring that the measured 

concentrations of contaminants are close to the true values. 

This is important for maintaining the safety and quality of 

drug products, as accurate quantification of contaminants is 

necessary to prevent potential health risks (ICH Q2(R1), 

2005) [9]. 

The method's precision was confirmed by the low RSD 

values in repeatability and intermediate precision tests. 

Consistent results across different days and analysts indicate 

that the method is reliable and can be used in various 

laboratory settings, crucial for routine quality control 

(Swartz & Krull, 2012) [18]. 

Robustness tests showed that the method remains reliable 

under small deliberate changes in analytical conditions. This 

means that the method can be used consistently across 

different environments and conditions, making it a versatile 

tool for the pharmaceutical industry (ICH Q2(R1), 2005) [9]. 

In conclusion, the validated GC-MS method provides a 

robust and reliable analytical tool for routine quality control 

in the pharmaceutical industry. By accurately detecting and 

quantifying volatile contaminants, this method helps 

maintain high standards of pharmaceutical products, 

protecting consumer health and supporting regulatory 

compliance. The findings of this study underscore the 

importance of developing reliable analytical methods to 

ensure the safety and efficacy of pharmaceutical products, 

contributing to overall public health protection (Bliesner, 

2006) [2]. Furthermore, the use of this method can also aid in 

identifying potential sources of contamination in the 

manufacturing process, allowing for timely corrective 

actions to be taken. Overall, the implementation of validated 

GC-MS methods can significantly enhance the quality 

control measures within the pharmaceutical industry, 

ultimately benefiting both manufacturers and consumers 

alike. 
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