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ABSTRACT: A sensitive and robust gas chromatography with a flame 
ionization detector method was developed for the quantification of 

epichlorohydrin in the linezolid drug substance and validated using 

guidelines as mentioned in ICH Q2 (R1). Epichlorohydrin was separated on 
CP-Volamine stationary phase (length 60 m, diameter 0.32 mm, particle size 

5 µ) in linear thermal programming using dichloromethane as a diluent, at a 

constant flow rate of 2 ml/min. Column oven temperature maintained 

initiated at 90 ºC and raised to temperature 230 ºC with run time 25 min. 
Epichlorohydrin showed linearity from 5.12 ppm to 30 ppm concentration 

range. The method has satisfactory precision and accuracy. Limit of 

detection and limit of quantification were found as 2.03 ppm and 5.12 ppm, 
respectively. The epichlorohydrin peak has been well resolved and its 

specificity has been demonstrated. The method developed and validated for 

estimating epichlorohydrin in linezolid drug molecule is easy and simple to 
adopt in any pharmaceutical laboratory. 

INTRODUCTION: Linezolid, called chemically 

as N- (((S)- 3- (3- Fluoro- 4-morpholinophenyl)-2-

oxo-5-oxazolidinyl)methyl)acetamide Fig. 1, is a 

synthetic antibiotic of a new antibiotic class called 

oxazolidinone 
1
. Linezolid is used in medication of 

multi-resistant bacteria, which include Streptococcus 

and Staphylococcus aureus resistant to methicillin 
2, 3

. By binding to specific sites in the bacterial 

ribosome, linezolid preferentially inhibits protein 

synthesis in bacteria through prohibiting functional 

70S initiation complex formation. 
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FIG. 1: STRUCTURES OF A. LINEZOLID AND B. 

EPICHLOROHYDRIN 

Epichlorohydrin called chemically as 2-(chloro-

methyl) oxirane Fig. 1,  is an agile precursor in the 

manufacturing of so many organic molecules like 

pharmaceutical products, glycerol, epoxy resins, 

ion exchange resins, elastomers, water-treatment 

resins, surfactants, plasticizers, adhesives and 
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lubricants 
4
. Epichlorohydrin is a molecule of 

epoxide class of compounds. Epichlorohydrin is 

used in the chemical process of linezolid synthesis 
5
.  Prolonged oral intake and through inhalation of 

elevated epichlorohydrin levels may cause 

problems higher risk of stomach cancer and lung 

cancer, respectively 
6
. Due to its recognized 

genotoxicity and carcinogenicity, the appearance of 

residual epichlorohydrin in linezolid drug 

substance should be regulated according to EMA 

(European Medicines Agency) 
7
, ICH (International 

Conference on Harmonization) 
8-10

 and FDA (Food 

and Drug Administration) 
11

. For pharmaceutical 

substances, the acceptable exposable risk for 

genotoxic impurity is 1.5 μg per day 
12, 13

. Based on 

the above facts, the detection and monitoring of 

epichlorohydrin levels require a sensitive, accurate 

and robust analytical method. 

There are few articles available for epichlorohydrin 

quantification in air 
14

, water 
15-17

, sewage sample 
17

 

and active pharma ingredient - develamer 

hydrochloride and milnacipran hydrochloride 
18, 19

. 

All the methods published are based on a strategy 

of gas chromatography coupled with a different 

detector system. No method has been documented 

to date to quantify epichlorohydrin in linezolid 

drug substances. This prompted us to develop of 

new gas chromatography with flame ionization 

detection method for determining epichlorohydrin 

in linezolid. The proposed gas chromatography 

with flame ionization detection method was 
validated using the guidelines of ICH and USP 20, 21. 

MATERIALS AND METHODS: 

Chemicals: Linezolid and epichlorohydrin were 

obtained from GVK Biosciences Private Limited, 

(Hyderabad, India). Dichloromethane was obtained 

from Merck (Mumbai, India). 

Instrumentation: The entire experiments were 

executed on Agilent 6890 N model gas 

chromatography fitted with Headspace G1888 N, 

flame ionization detector and Empower software. 

Gas chromatography CP-Volamine, length 60 m x 

identification 0.32 mm, film thickness 5.0 µm was 

used. 

Gas Chromatography Conditions: The specified 

conditions used to detect and monitor 

epichlorohydrin are given below: 

Injection volume : 4 µl 

Injector 

temperature 

: 200 ºC 

Detector 

temperature 

: 260 ºC 

Carrier gas : Nitrogen 

Split ratio : 1:1 

Column flow : 2.0 ml/min (constant flow) 

Oven  

temperature 

program 

: Ramp Temp. Hold Time 

0 90 5 

8 125 2 

10 230 3.11 

Run time : 25 min 

Standard Solutions of Epichlorohydrin:  

Epichlorohydrin stock solution (1000 ppm) was 

made by transferring 25 mg of epichlorohydrin 

accurately into a 25 ml volumetric flask with 5 ml 

of dichloromethane. Mix to dissolve completely 

and dilute to volume with dichloromethane. 

For linearity studies, epichlorohydrin stock solution 

(1000 pm) was exactly diluted in 10 ml volumetric 

flasks with dichloromethane to get the 

concentration of 5.12 ppm, 10 ppm, 16 ppm, 20 

ppm, 24 ppm, and 30 ppm. 

For accuracy, precision and robustness studies, an 

appropriate volume of epichlorohydrin stock 

solution (1000 pm) was exactly diluted in 10 ml 

volumetric flasks with dichloromethane to get a 

concentration of 20.8 ppm.  

Test Sample Solution: Dissolve correctly 1000 mg 

of linezolid in 5 ml of dichloromethane and cyclo 

mix for 2 min. Finally, dilute to volume with 

dichloromethane in a 10 ml volumetric flask 

(concentration of linezolid 100 mg/ml).  

Procedure: Set up the gas chromatography system 

to the above chromatographic conditions. Allow 

the column to equilibration for one hour. Inject 4 µl 

of sample solution into the gas chromatography 

system. Determine the peak area of 

epichlorohydrin. Then calculate the concentration 

of epichlorohydrin using the below formula. 

Average area of solvent peak in sample – Area of blank peak / 
Average area of solvent from standard – Area of blank peak × 

Concentration of standard in mg/ml × 106 / Concentration of 

sample in mg/ml  
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RESULTS AND DISCUSSION: 

Optimization of Conditions: Dichloromethane 

was selected as a diluent as it did not show 

interference peak with epichlorohydrin peak. Gas 

chromatography column CP-Volamine (length 60 

m × identification 0.32 mm, film thickness 5.0 µm) 

yielded a good peak shape. Nitrogen was used as 

carrier gas to get a steady and constant baseline. 

Column flow rate, split ratio and injection volume 

were set at 2 ml/min, 1:1 and 4 µl, respectively as 

these set values gave adequate sensitivity and 

excellent precision.  

 
FIG. 2: CHROMATOGRAM OF EPICHLOROHYDRIN 

WITH OPTIMIZED GAS CHROMATOGRAPHY 

CONDITIONS 

The temperatures at injector and detector were set 

at 200 ºC and 260 ºC. Using the above stated 

optimized conditions, epichlorohydrin was eluted 

from the column at a retention time of 11.312 min 

Fig. 2. 

Validation: The proposed gas chromatography 

with flame ionization detection method was 

validated using the guidelines of ICH and USP 
20, 

21
. 

Specificity: To evaluate the method's specificity, 

dichloromethane blank, epichlorohydrin standard 

solution (20.8 ppm), linezolid sample (100 mg/ml) 

and epichlorohydrin spiked linezolid sample (20 

ppm) preparations were subjected to gas 

chromatography with flame ionization detection. 

Chromatograms were collected.  

No interference was found at the retention of 

epichlorohydrin (11.312 min) in the chromato-

grams of dichloromethane blank, linezolid sample 

and epichlorohydrin spiked linezolid sample as 

illustrated in Fig. 3A-3D. The results demonstrated 

specificity.  

  
              FIG. 3A: DICHLOROMETHANE BLANK                          FIG. 3B: EPICHLOROHYDRIN STANDARD  

                                CHROMATOGRAM                                                          (20 ppm) CHROMATOGRAM 

  
             FIG. 3C: LINEZOLID SAMPLE (100 mg/ml)                         FIG. 3D: EPICHLOROHYDRIN (20 ppm)  

                               CHROMATOGRAM                                                        SPIKED LINEZOLID SAMPLE  

Precision: Precision is the degree of repeatability 

under standard conditions for an analytical method. 

The method’s precision was evaluated by 

calculating the relative standard deviation of six 
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replicate peak area determinations by injecting 

freshly prepared 20 ppm solutions of 

epichlorohydrin separately on the same day. The % 

RSD value was 1.18%. The low % RSD values via 

peak areas confirm the method’s good precision. 

TABLE 1: PRECISION STUDY RESULTS FOR 

EPICHLOROHYDRIN 

Injection no. Epichlorohydrin peak area 

1 65.35 
2 63.86 
3 63.31 
4 64.77 
5 64.76 
6 64.98 

Average value 64.5 
% RSD 1.18 

Limits of Detection (LOD) and Quantitation 

(LOQ): Standard epichlorohydrin solutions were 

separately injected. The detection limit and 

quantification limit was then determined at the 

lowest concentration with a signal to noise 

proportion of 3 and 10, respectively, under the 

provided experimental conditions. The limits of 

detection and quantification values for 

epichlorohydrin were found as 2.03 ppm and 5.12 

ppm, respectively. The values show the satisfactory 

sensitivity of the method for detecting and 

monitoring epichlorohydrin. Epichlorohydrin 

chromatograms at LOD and LOQ concentrations 

are illustrated in Fig. 4A and 4B.  

  
      FIG. 4A: EPICHLOROHYDRIN CHROMATOGRAM      FIG. 4B: EPICHLOROHYDRIN CHROMATOGRAM  

                 AT LOD CONCENTRATION (2.03 ppm)                              AT LOQ CONCENTRATION (5.12 ppm) 

Linearity: Linearity was evaluated by series of 

injections of six standards with concentrations 

ranging from LOQ to 150% (5.12 ppm, 10 ppm, 16 

ppm, 20 ppm, 24 ppm, and 30 ppm) of the expected 

concentration range. The peak area of each 

concentration was determined using the described 

gas chromatography conditions. The response was 

proportionate to epichlorohydrin concentration. 

The calibration curve across the range of 5.12 to 

31.3 ppm was drawn between peak areas versus 

epichlorohydrin concentration. The slope, intercept 

and correlation coefficient values were derived 

from linear least square regression treatment Table 

2. The method’s good linearity was proven by the 

correlation coefficient viz. 0.9986 for 

epichlorohydrin. 

Accuracy: Method’s accuracy was evaluated by 

standard method of addition. A known amount of 

epichlorohydrin spiked at four specification levels 

(LOQ, 50%, 100%, and 150%) to the linezolid 

sample solution. The spiked solutions were 

analyzed in triplicate by described gas 

chromatography conditions. The recovery must be 

more than or equal to 80% and should not be more 

than 120%. The recovery of epichlorohydrin at four 

specification levels was assessed Table 3. The 

recovery data show method’s accuracy. 

Robustness: Method’s robustness was evaluated 

by making minor but intentional variations in 

column, injector, and detector temperatures. The 

effect of variations has been studied on the peak 

area of epichlorohydrin. The results are shown in 

Table 4. The percentage of RSD values of the peak 

area found to be inside the acceptance criteria in all 

varied conditions.  

TABLE 2: LINEARITY AND LEAST SQUARE REGRESSION 

TREATMENT RESULTS FOR EPICHLOROHYDRIN 

Level (%) Concentration (ppm) Area of peak 

LOQ 5.12 16.6 

50 10 31.3 

80 16 54.1 

100 20 66.9 

120 24 78.5 

150 30 103.9 

Correlation coefficient 0.9986 

Slope 3.476 
Y-Intercept -2.3504 
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TABLE 3: ACCURACY RESULTS OF EPICHLOROHYDRIN 

S. no. Theoretical concentration (ppm) Found concentration (ppm) Recovery (%) Average (%) 

LOQ level 

1 5.12 4.40 85.94 87.89 

2 5.12 4.57 89.26 

3 5.12 4.53 88.48 

50% accuracy 

1 10 9.33 93.27  

90.06 2 10 8.37 83.65 

3 10 9.33 93.27 

100% accuracy 

1 20 20.87 104.33  

95.51 2 20 17.60 87.98 

3 20 18.85 94.23 

150% accuracy 

1 30 28.47 94.89 98.39 

2 30 32.68 108.95 

3 30 27.40 91.35 

TABLE 4: ROBUSTNESS RESULTS OF EPICHLOROHYDRIN 

Injection 

no. 

As per the 

method 

Temperature (ºC) at 

Column oven Injector Detector 

95 85 195 205 265 255 

1 61.75 58.21 80.90 63.42 74.34 60.52 74.34 

2 62.09 58.32 81.12 63.63 76.32 60.91 76.32 

3 62.08 59.14 81.99 63.77 77.83 61.59 77.83 

4 62.99 60.19 82.67 63.61 78.50 61.82 78.50 

5 62.57 58.53 84.99 61.77 80.01 62.86 80.01 

6 63.01 58.63 86.00 60.45 81.40 62.08 81.40 

Average 62.4 58.8 82.9 62.8 78.1 61.6 78.10 

RSD (%) 0.8 1.3 2.5 2.2 3.2 1.4 3.2 

 

CONCLUSION: A gas chromatography with 

flame ionization detection method was described in 

this investigation to detect and monitor 

epichlorohydrin residual in linezolid drug. Method 

validation figures showed that the method 

developed is sensitive, precise, robust, and accurate 

in estimating epichlorohydrin. The process is 

simple, as it employs direct space extraction and 

most generally utilized flame ionization detection 

without derivatization steps for the sample. The 

proposed method can thus be used conveniently for 

regular quality control of epichlorohydrin in 

linezolid drug in the pharmaceutical laboratory. 
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