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Introduction 

In recent years, cleaning validation studies have become 
increasingly important in the pharmaceutical industry. 
Cleaning the production equipment is necessary to remove 
the active and inactive residues of the product produced 
in the equipment used and the chemical and microbial 
qualities of the detergent components used for cleaning [1-3].
Although the cleaning validation study may seem like a 
multi-parameter, tiring, and long process at ϐirst glance, it 
reduces the risk in production and minimizes the costs that 
may arise. The advantages of the cleaning validation study 
are the identiϐication and prevention of efϐicacy, safety, or 
previously unsuspected problems before production within 
the equipment. Today, current Good Manufacturing Practice 
(cGMP) guidelines state that cleaning methods must be 
applied to every process related to the distribution and storage 

Abstract 

 While cleaning agents used in cleaning validation studies eliminate product 
residues, they can create another contamination with their own residues. This study 
aims to develop a new, more economical, and easy-to-apply strategy that can 
achieve sharp peaks by using the UV-RP-HPLC method in cleaning validation studies 
on different surfaces and the swab method in cleaning validation studies. The content 
of the cleaning agent used in cleaning validation studies was characterized by mass 
spectroscopy (LC-QTOF-MS). According to the International Council for Harmonization, 
a new, easy-to-apply method for propylbenzene sulfonate detected in the cleaning 
agent composition was developed and verifi ed by the UV-RP-HPLC method. PMMA, 
POM, Tefl on, and glass plate surfaces were used for the swab method. The residue 
limit was calculated at 71.4 μg/mL. The absence of any cleaning validation studies 
using specifi c plate surfaces such as PMMA, POM, Tefl on, and glass for propyl benzene 
sulfonate as a genotoxic impurity, characterized by LC-QTOF-MS and swab method 
in the current literature, supports the innovative contribution of our study. Validated 
according to the ICH Q2 (R1) guideline, this method showed linearity, precision, 
accuracy, solution stability, and system suitability results within acceptance criteria.

of manufactured pharmaceutical products. The U.S. Food 
and Drug Administration (FDA) announces that approved 
protocols have been prepared for the work to be done on the 
device and for each manufacturing system [4-7].

Equipment used in drug production can be used for more 
than one product. Therefore, residue limits for equipment 
used in cleaning validation should be acceptable [1].

The swab method used in cleaning validation studies 
is one of the sampling methods used on the plates used in 
production equipment. It is based on the physical removal of 
residual product or cleaning agent residues from production 
equipment. Careful selection of the surfaces to be sampled 
and the absence of any abrasions or cracks on the surfaces 
are among the issues to be considered. During the cleaning 
application, the previously working product remaining in 
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a more economical and easily applicable new method by 
using speciϐic surfaces such as Poly(methyl methacrylate) 
(PMMA), Polyoxymethylene (POM), Teϐlon, and glass, and 
the swab method. In addition, while removing genotoxic 
impurities contained in the cleaning agents taken by the swab 
method, it evaluates the situation of creating another cross-
contamination with its residues. 

Experimental and Materials and methods
Potassium chloride was supplied by J.T. Baker. Ammonium 

acetate and ammonium dihydrogen phosphate were supplied 
by Scharlau. Methanol was taken from Merck. The Sartorius 
Stedim Biotech system produced HPLC-grade water (0.05 
μc). PMMA, Teϐlon, glass, and POM surfaces were made of 304 
unpolished materials and have dimensions of 25 cm × 25 cm. 
Swap sticks were purchased from Texwipe TX714A. PMMA, 
Teϐlon, glass, and POM plate surfaces used in this study have 
been studied since they are the surfaces used in production 
equipment and are in direct or indirect contact with the 
product produced.

LC-QTOF-MS procedure

A liquid chromatography quadrupole time-of-ϐlight mass 
spectrometer (Agilent Q-TOF-MS 6546) equipped with an ESI 
source consisting of a 1290 series HPLC instrument (Agilent 
Technologies, USA) was used to identify the main component 
of the cleaning agent. The chromatographic separation was 
completed on an X Terra MS C18 column (150 × 3.0 mm, 3.5 
μm) using a mobile phase of 5 mM Ammonium acetate (for 
negative scanning), 5 mM Ammonium formate (for positive 
scanning), and methanol with gradient elution at a ϐlow rate 
of 0.4 ml/min within 30.0 min. The typical operating source 
conditions for MS scan in positive and negative ion ESI modes 
were optimized; the capillary voltage was 3500 V; the skimmer 
at 65 V; nitrogen was used as the drying (400⁰C; 8 l/min) and 
nebulizer (35 psi) gas. The mass spectra were recorded across 
the range of m/z 100–1100 for both positive and negative ion 
modes. Nitrogen was kept as a nebulizer and auxiliary gas. The 
data acquisition was carried out by Mass Hunter workstation 
software.

HPLC assay method procedure

A 75:25 (v: v) ratio of 0.3 M potassium chloride: methanol 
mixture was used as the mobile phase. The analysis was 
carried out on the Waters E2695 HPLC system. The analysis 
was conducted on an analytical column ZORBAX ECLIPSE 
XDB-C8 5 μm, 150 × 4.6 mm. The column temperature is 40 
°C, and the wavelength is 215 nm. The injection used was a 
volume of 100 μl and the ϐlow rate of 2.0 ml/min. The run time 
was 15 minutes.

Stock cleaning agent sample preparation solutions

35.70 mg of cleaning agent is accurately weighed and 
transferred into a 25 ml volumetric ϐlask. It is completed with 

the equipment, other substances, and cleaning agents from 
outside may produce contaminated products [5]. Acceptable 
limits are related to parameters such as total equipment area, 
batch size, and maximum dose of the next product. Therefore, 
each method creates its limits [8-11].

An analytical strategy should be developed to determine 
the amount of cleaning agent residue left on the surfaces as 
a result of the cleaning process applied to the equipment 
surfaces. Since cleaning agents do not have any therapeutic 
dose in humans, such as drugs, a worst-case scenario can be 
used to determine the residue limit. In the worst-case scenario, 
the conϐidence interval of the product should be calculated by 
considering features such as resolution, the limit of detection, 
the total area of contact with the product, and minimum batch 
size [12,13]. 

Surfactants are molecules whose surface viscosity and 
surface tension can be measured in electrical potential 
differences between phases. Alkyl sulfonates are a class 
of anionic surfactants. Because the sulfonate anion is a 
good leaving group, alkyl sulfonates are generally known 
as alkylating agents and so are direct-acting mutagens 
not requiring metabolic activation [14]. Exposure to alkyl 
sulfonates can cause DNA damage. Moreover, a large number 
of DNA mutations may occur, and such esters have been shown 
to exert genotoxic effects [15-16]. Generic/compound-speciϐic 
limits for alkyl sulfonates and considerably higher limits for 
chloroalkanes can be derived using the available toxicological 
data and provisions of the International Conference on 
Harmonization (ICH) M7 guideline [14,17-19].

The cleaning agent selected according to the residue 
limits determined for the equipment used in drug production 
is essential in the cleaning validation studies. Because the 
residues and contaminations formed on the equipment 
surface are removed with cleaning agents. Thus, it will help to 
develop a simpler system to implement for cleaning validation 
work [5-7].

While cleaning agents used in cleaning validation studies 
eliminate product residues, they can create another health 
concern [4]. It is necessary to investigate and compare the 
methods routinely used to quantify plasticizers in plastic 
products with updated, more efϐicient extraction and analysis 
approaches. Furthermore, allowable concentration limits 
are continuously decreasing, and the performance of these 
methods at these lower concentrations needs to be evaluated. 
Although researchers have investigated the extraction of 
phthalates from PVC, limited information is available on 
the rapid extraction and quantiϐication of phthalates at 
concentration levels that are ten times below the regulated 
limit. 

This study aims to determine propyl benzene sulfonate, 
which is a genotoxic impurity, by using the RP-HPLC method 
and UV detector in cleaning validation studies, and to develop 
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puriϐied water to volume and mixed well. It is mixed for 15 
min in a magnetic mixer with the help of a ϐish, and attention 
is paid to its foaming. 

Cleaning agent sample preparation solutions

A 500 μl of cleaning agent sample is placed on each plate 
and allowed to dry. 100 cm2 of the related surface is swabbed 
down with 3 swab sticks. For this process, 250 μl of puriϐied 
water is added to each surface of the ϐirst and second swab 
sticks. The relevant surface area is scanned with one side of 
the swab stick from right to left and the other side from top 
to bottom, and the tip of the swab stick is cut and transferred 
to the glass tube. The wet surface is dried completely with the 
third swab, the tip is cut, and transferred to the glass tube. 
Then, 9.0 ml of puriϐied water is added to a glass tube and 
vortexed for 1 min. It is ϐiltered through a 0.45 μm RC ϐilter 
and ϐilled into HPLC vials.

Results and discussion
Determination of residue limit

In determining the residue limits, the product produced 
in the same equipment, batch size, and equipment properties 
is an important consideration. While calculating the residual 
for each manufactured product, the calculation is made 
by considering the maximum dose, batch size, and total 
equipment surface area of the next product to be produced. 
It is very important to determine the cleaning agent’s content 
before determining the cleaning agent’s residue limits. Because 
acidic agents or strongly alkaline agents are detected by pH 
measurement, ionic agents by conductivity measurement of 
residues, and agents containing large amounts of surfactants 
by visual residue limits [20-22].
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LC-QTOF-MS procedure

When choosing a method for detecting residues of 
cleaning agents, it is very important to know the properties 
of the substance. The most important problem with the use 
of cleaning agents is the ignorance of their components. 
The formulations of the cleaning agents are not disclosed to 
avoid duplication by different manufacturers. In the current 
literature, no study was found in which the characterizations 
of cleaning agents were determined using the LC-QTOF-MS 
system. For this reason, the cleaning agent used in the cleaning 
of the production equipment was given to the LC-QTOF-MS 
system to identify the components. It has been determined 
that there was no ionization in a negative mode in both 
positive and negative mode injections. The chromatogram, in 
which ionization was detected selectively in positive mode, 
contains a single peak, and its spectrum is given in Figure 1. 
As seen in Figure 1, the m/z for this peak was determined 
as 199.0436, and this ion was formulated as [M-H]- = 
[[C9H12O3S]-H]- with a score of 99.28%. Identifying compounds 
is achieved with the help of matches and scores based on 
correct mass matching, isotope abounds, ance, and isotope 
ratio matching. The Mass score, which expresses the closeness 
of the mass to the theoretical mass, was 99.84, and the scores 
for Isotope abundance and isotope range, which depend 
on the composition of the formula, were 98.18 and 99.47, 
respectively. An individual score of >97% indicates a correct 
match. As can be seen in Figure 2, it has been determined that 
this closed formula belongs to propyl benzenesulfonate, one 
of the alkyl benzene sulfonates commonly used as a cleaning 
agent, with high scores obtained. Method development and 
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Methane Sulfonate p-Toluenesulfonate ester Benzene sulfonate ester

R: Methyl, Ethyl, Propyl, Isopropyl

Figure 1: Chemical structure of a potential genotoxic impurity of sulfonate 
esters.
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method validation studies were carried out on the detected 
propylbenzene sulfonate.

Development of the chromatographic method

A new method has been developed for the surfactant used 
as a cleaning agent to obtain a sharp and symmetrical peak and 
to detect very low residue limits in the HPLC system. For this 
purpose, ODS-3V and ACE columns with different ϐillers such 
as C8 and C18 were used. Examined by an isocratic method 
by applying a mixture of methanol and 0.2 M ammonium 
dihydrogen phosphate (40/60, v/v) as, mobile phase. Flow 
rate 1.0 ml/min; The UV detector was used at 30 ºC column 
temperature and λ = 215 nm. The mobile phase, ϐlow rate, 
wavelength, and column temperature were kept constant. 
In the ODS-3V and ACE C-18 columns used in the ϐirst trial 
study, it was observed that the precipitates caused by salt 
formation blocked the columns (Figure 2a). A more speciϐic 
column, ZORBAX ECLIPSE XDB-C8, was used for the column 
assay. Based on the optimization, the C8 column with 5.0 m 
particle size and 150 mm ZORBAX ECLIPSE XDB-C8 column 
length was found ideal.

After the ideal column was determined, mobile phase 
experiments were carried out by keeping the mobile phase 
ϐlow rate 1.0 ml/min, the column temperature constant 
at 30 ºC, and λ = 215 nm. Buffer solutions prepared from 
different salts such as ammonium dihydrogen phosphate, 
potassium dihydrogen phosphate, ammonium acetate, and 
organic solvents such as methanol and acetonitrile were 
tested. In most of these cases, such as precipitation in the 
buffer, accumulation in the column, or failure to achieve 

peak symmetry, were encountered. A representative 
chromatogram obtained from a 0.5 M ammonium dihydrogen 
phosphate and methanol mixture (80/20, v/v) is given in 
Figure 2b. In the last experiment, a 0.3 M potassium chloride: 
methanol mixture at a ratio of 75:25 (v: v) was used as the 
mobile phase. It was studied at a ϐlow rate of 1.0 ml/min and a 
column temperature of 40 ºC. The wavelength was set to 215 
nm. Since potassium chloride has a high solubility in water, it 
did not cause any collapse in the column, and the best peak 
symmetry was determined in studies with this salt. To support 
this, accurate chromatograms of PMMA, Teϐlon, glass, and 
POM plate surfaces used in the study are given in Figure 3c-f
(Table 1).

Method validation

Different validation parameters of the proposed method, 
such as system suitability, precision, solution stability, 
accuracy, linearity, and intermediate precision, were validated 
according to the ICH Q2 (R1) guideline [12].

System suitability: The system suitability acceptance 
criteria of the cleaning agent at a concentration of 71.4 μg/ml
were determined from six repetitive injections. For the 
acceptance criteria, the theoretical plate number was more 
than 3000, and the EP symmetry factor was not more than 2.0 
(Figure 4).

LOD/LOQ

For LOD, the signal-to-noise ratio was 3:1, and the LOQ 
signal-to-noise ratio was 10:1. The LOD was 3.51, and the LOQ 
was 10.58 for the cleaning agent. Values were given in Table 2.

Figure 2: LC-QTOF-MS scan result for cleaning agent (Propyl benzenesulfonate).
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Figure 3: Chromatograms showing: a) Chromatogram of the study using ODS 3V column and 0.2 M ammonium dihydrogen phosphate, b) Chromatogram 
of 0.5 M potassium dihydrogen phosphate buffer, c) PMMA surface Accuracy sample chromatogram, d) Tefl on surface Accuracy sample chromatogram, 
e) Glass surface Accuracy sample chromatogram, f) POM surface Accuracy sample chromatogram.

Table 1: HPLC methods for the estimation of sulfonate esters.
1 2 3 4 5

Mobile Phase Composition MeOH: 0.2 M NH4H2PO3 (40/60, 
v/v)

MeOH: 0.2 M NH4H2PO3 
(40/60, v/v)

MeOH: 0.2 M NH4H2PO3 
(40/60, v/v)

MeOH: 0.5 M NH4H2PO3 
(20/80, v/v)

MeOH: 0.3 M KCl
(25/75, v/v)

Flow Rate 1 mL/min 1 mL/min 1 mL/min 1 mL/min 1 mL/min
Mode of analysis Isocratic Isocratic Isocratic Isocratic Isocratic

Column Type ODS-3V C18 ACE C8 Zorbax Eclipse XDB-C8 Zorbax Eclipse XDB-C8 Zorbax Eclipse XDB-C8
Column Speciϐication 150 mm x 4.6 mm x 5μm 150 mm x 4.6 mm x 5μm 150 mm x 4.6 mm 5μm 150 mm x 4.6 mm 5μm 150 mm x 4.6 mm 5μm
Column Temperature 30 oC 30 oC 30 oC 30 oC 40 oC

Detector UV UV UV UV UV
Wavelength 215 nm 215 nm 215 nm 215 nm 215 nm

Figure 4: System suitability chromatogram.
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Linearity: The linearity of the analytical method is 
determined by the direct comparison of results with the 
analyte concentration within the speciϐied ratios. The linearity 
graph for the cleaning agent is shown in Figure 5. Thirteen 
different (0.89 - 171 μg/ml) concentrations were prepared. 
The speciϐication limit (71.40 μg/ml) was injected six times, 
other twelve concentrations were injected three times. As a 
result of the study, a linear equation was obtained from the 
regression analysis, and it was determined that the correlation 
coefϐicient (r) met the acceptance criteria of r ≥ 0.99. Using the 
linearity curve obtained from the solutions prepared during 
the validation study, r was found as 0.999. 

Accuracy: Under optimum conditions, the accuracy of 
the cleaning agent was evaluated by recoveries. Recovery 
solutions were prepared with LOQ, 80, 100, 120, and 200% 
of the speciϐication limit. Prepared solutions of the ϐive 
concentrations (LOQ, 80, 100, 120, and 200%) were each 
injected three times. The 100% concentration (71.40 μg/ml) 
and the LOQ (0.89 μg/ml) concentrations were injected six 
times. The recovery results of all plates met the acceptance 
criteria, ranging from LOQ to 200%. The accuracy table 
obtained is given in Table 3. 

System, method, and intermediate precision: System 
precision was studied by giving six consecutive injections of 
the working standard at the speciϐication limit. For cleaning 
agents containing propyl benzene sulfonate, the RSD is 
calculated as 0.04%. Precision and intermediate precision 
parameters were studied by injecting six separate plate 
samples. As a result of the studies carried out by 2 different 
analysts on 2 different devices and on different days, it 
was evaluated whether the limit range of 80% - 120% and 
RSD ≤10% met the acceptance criteria with their percentage 
recovery. For every known contamination. Sensitivity tables 
and representative chromatograms are given in Table 4. 

Precision representative chromatograms were given in the 
Supply. Mat. Figure S1-Figure S4 (Click here).

Statistical evaluation: The relationship between 
precision and intermediate precision, which is one of 
the cleaning validation parameters, was investigated by 
chemometric methods. The difference between the variances 
of the precision and intermediate precision results obtained 
in each plate was analyzed statistically by ANOVA F-test. The 
F values were obtained depending on the 95% conϐidence 
interval (a 0.05), and the degrees of freedom were determined 
to be greater than 1. According to the relationship between 
F and F critical, a t-test was applied. F-test results obtained in 
precision and intermediate precision parameters were found 
to be F ≥ 1 and F < F critical two-tailed (Tables 5-8). Results 
of the precision and intermediate precision parameters are 
equivalent due to| t Stat | ≤ t critical two-tailed.

Solution stability: The stability of all plates was checked 
by comparing the peak areas obtained after 24 and 48 hours 
at room temperature and 5 °C with the peak areas found at 
baseline. It was controlled whether it met the acceptance 
criteria <10% limit by calculating the % change in the peak 
areas. It was determined that both the standard solution and the 
sample solution were stable for 48 hours in the room and the 
refrigerator given in the Suppl. Mat. Table S.1-S.2 (Click here).

Table 2: LOQ-LOD results of the method.
Conc, μg/mL Signal-to-noise ratio

LOQ 0.8925 10.38
LOD 0.2975 3.51

Table 3: PMMA, Teϐlon, glass, and POM plate accuracy results of the method.

LEVEL
PMMA TEFLON GLASS POM

Average
Accuracy, % RSD, % Average

Accuracy, % RSD, % Average
Accuracy, % RSD, % Average

Accuracy, % RSD, %

LOQ 96.26 1.75 97.74 1.66 98.24 1.21 97.42 1.81
80% 93.11 0.13 101.47 0.87 101.51 0.22 102.65 0.02

100% 96.01 0.09 94.91 0.22 96.26 0.34 95.69 0.45
120% 101.82 0.29 101.79 0.35 102.21 0.24 102.01 0.11
200% 101.57 0.13 101.20 0.22 101.76 0.12 101.78 0.13

Table 4: Precision and Intermediate Precision results of the method.
Plate  Surface Precision average, % Precision RSD, % Intermediate Precision Average, % Intermediate Precision RSD, %

PMMA Plate 100.66 0.16 94.88 0.46
Teϐlon Plate 100.45 0.65 98.26 1.94
Glass Plate 97.25 0.14 96.36 1.86
POM Plate 98.11 0.63 95.68 0.91

Figure 5: Linearity graph.
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Table 5: F- and t-test results of precision and intermediate precision for the PMMA plate.

F-test: Two samples for variances t-Test: Two samples assuming equal variances

Precision Results Intermediate Precision Result Precision Results Intermediate Precision Result

Mean 100.49 95.18 Mean 100.49 95.18

Variance 0.21 0.173 Variance 0.21 0.173

Observation 6 6 Observation 6 6

df 5 5 Cumulative Variance 0.19

F 1.24 Predicted Mean Difference 0

P(F<=f) one-tailed 0.41 df 10

F Critical two-tailed 5.05 t Stat 20.89

P(T<=t) one-tailed 0.00

t Critical one-tailed 1.37

P(T<=t) two-tailed 0.00

t Critical two-tailed 1.81

Table 6: F- and t-test results of precision and intermediate precision for the POM plate.

F-test: Two samples for variances t-Test: Two samples assuming equal variances

Precision Results Intermediate Precision Result Precision Results Intermediate Precision Result

Mean 99.70 95.68 Mean 99.70 95.68

Variance 1.13 0.76 Variance 1.13 0.76

Observation 6 6 Observation 6.00 6

df 5 5 Cumulative Variance 0.94

F 1.49 Predicted Mean Difference 0.00

P(F<=f) one-tailed 0.34 df 10.00

F Critical two-tailed 5.05 t Stat 7.16

P(T<=t) one-tailed 0.00

t Critical one-tailed 1.37

P(T<=t) two-tailed 0.00

t Critical two-tailed 1.81

Table 7: F- and t-test results of precision and intermediate precision for the Teϐlon plate.

F-test: Two samples for variances t-Test: Two samples assuming equal variances

Precision Results Intermediate Precision Result Precision Results Intermediate Precision Result

Mean 98.26 99.91 Mean 99.91 98.26

Variance 3.64 0.74 Variance 0.74 3.64

Observation 6 6 Observation 6.00 6

df 5 5 Cumulative Variance 2.19

F 4.95 Predicted Mean Difference 0

P(F<=f) one-tailed 0.05 df 10

F Critical two-tailed 5.05 t Stat 1.93

P(T<=t) one-tailed 0.04

t Critical one-tailed 1.37

P(T<=t) two-tailed 0.08

t Critical two-tailed 1.81

Table 8: F- and t-test results of precision and intermediate precision for the Glass plate.
F-test: Two samples for variances t-Test: Two samples assuming equal variances

Precision Results Intermediate Precision Result Precision Results Intermediate Precision Result
Mean 96.14 100.22 Mean 100.22 96.14

Variance 4.45 1.46 Variance 1.46 4.45
Observation 6 6 Observation 6 6

df 5 5 Cumulative Variance 2.96
F 3.04 Predicted Mean Difference 0.00

P(F<=f) one-tailed 0.12 df 10.00
F Critical two-tailed 5.05 t Stat 4.11

P(T<=t) one-tailed 0.00
t Critical one-tailed 1.37
P(T<=t) two-tailed 0.00
t Critical two-tailed 1.81



Characterization of Genotoxic Impurities with LC-QTOF and RP-HPLC Methods, Including Different Swab Methods in Cleaning 
Validation

 www.clinmedcasereportsjournal.com 377https://doi.org/10.29328/journal.acr.1001175

Conclusion
The most important point in cleaning validation work is 

to adopt a risk-oriented approach and minimize risks. The 
cleaning agents used in the cleaning of the equipment in 
drug products should be selected by considering their low 
toxicity, ease of application, and the structure of the surface 
materials of the equipment used in production. As a result of 
the cleaning process applied to the surfaces of the equipment 
used in the production of drugs, the cleaning agent residues 
mustn’t be left on the surface of the equipment. It is important 
to know the components of the cleaning agent used to prevent 
this contamination [9].

Considering the existing literature studies, Li, et al. 
studied a total organic carbon (TOC)-based method to 
measure residues of the CIP cleaning agent. The TOC method 
catalytically burns the organic substances in the water into CO2 
by burning them at high temperatures, and the total amount of 
organic carbon in the sample is determined by measuring the 
released CO2. The method used in the study is a non-speciϐic 
test method that recognizes the physical and chemical nature 
of the cleaning agent but does not recognize the sought-after 
component alone [17].

This review highlights the analysis of the genotoxic 
impurity by the LC-QTOF-MS and UV-RP-HPLC method. In our 
study, the cleaning agent used in the cleaning of production 
equipment was characterized by the LC-QTOF-MS system. 
The absence of an up-to-date UV-RP-HPLC method for 
propyl benzene sulfonate detected in the composition of the 
cleaning agent makes our study both safe and innovative. In 
addition, by applying the swab method on speciϐic surfaces 
such as PMMA, POM, Teϐlon, and glass used in this study, it 
was evaluated whether propyl benzene sulfonate created 
any other contamination with its residue while removing the 
product residues. This developed and validated method is also 
suitable for quality control analyses as it is economical, easy to 
apply, and allows for obtaining sharp peaks in a short working 
time. 
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