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	Abstract
	



The present study focuses on the method development and validation for detection of selective elemental impurities in Clarithromycin active pharmaceutical ingredient (API) using Inductively Coupled Plasma–Mass Spectrometry (ICP-MS). Elemental impurities, originating from catalysts, raw materials, or manufacturing processes, can adversely affect product safety and efficacy. Hence, a sensitive and precise analytical method was developed in accordance with ICH Q3D, USP <232>, and <233> guidelines. The optimized ICP-MS parameters ensured accurate quantification of 23 elemental impurities, including Cd, Pb, As, Hg, Co, Ni, V, Pd, Pt, Ir, Rh, Ru, Se, Ag, Mo, Sb, Cu, Sn, Cr, Ba, Li, Tl, and Au, in a single analytical run without the need for internal standards. The developed method was validated for linearity, accuracy, precision, specificity, limit of detection (LOD), and limit of quantification (LOQ). The method exhibited strong linear correlation (r² ≥ 0.99), recovery within 70–150%, and relative standard deviation (RSD) <20%, satisfying USP acceptance criteria. The Kinetic Energy Discrimination (KED) mode minimized polyatomic interference, improving signal stability and reducing analysis time. This validated method proved to be simple, rapid, rugged, cost-effective, and suitable for routine quality control analysis of Clarithromycin API to ensure compliance with elemental impurity regulations and pharmaceutical safety standards.
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INTRODUCTION
Analytical chemistry is a fundamental branch of chemistry concerned with the qualitative and quantitative determination of chemical substances. It plays a pivotal role in research, development, and quality control across pharmaceutical, environmental, biological, and industrial applications. The discipline encompasses several key domains, including chemometrics, forensics, bioanalysis, clinical analysis, environmental monitoring, and materials characterization. Analytical chemistry employs both classical and instrumental techniques to ensure the accuracy, reliability, and reproducibility of results in scientific investigations.

Instrumental methods form the cornerstone of modern analytical procedures. These include conductometry, potentiometry, polarography, UV-Visible spectroscopy, infrared spectroscopy, fluorimetry, atomic absorption and emission spectrometry, flame photometry, mass spectrometry, nuclear magnetic resonance (NMR), thin-layer chromatography (TLC), high-performance thin-layer chromatography (HPTLC), high-performance liquid chromatography (HPLC), and gas chromatography (GC). Among these, mass spectrometry (MS) has emerged as one of the most effective techniques for molecular structure elucidation, as it provides detailed information about the mass-to-charge (m/z) ratios of ions formed during ionization, which helps in identifying molecular structures and bond characteristics.

A specialized and highly sensitive form of mass spectrometry, Inductively Coupled Plasma Mass Spectrometry (ICP-MS), is widely used for the detection and quantification of trace and ultra-trace elements. Developed by Grey and Houk in 1980 and commercialized by Sciex in 1983, ICP-MS revolutionized elemental analysis by combining plasma-based ionization with mass spectrometric detection. It offers outstanding sensitivity, wide linear dynamic range (up to nine orders of magnitude), and the capability to simultaneously detect more than 70 elements at concentrations as low as parts per trillion (ppt).

In ICP-MS, the sample is first converted into an aerosol and introduced into an argon plasma, where it is atomized and ionized at temperatures reaching 10,000 K. The generated ions are directed through a series of electrostatic lenses, known as ion optics, and then separated based on their m/z ratio by a quadrupole mass analyzer. Finally, the ions are detected and quantified, providing precise elemental concentrations. The key components of an ICP-MS include the nebulizer, spray chamber, plasma torch, interface cones, ion optics, quadrupole mass analyzer, and detector.

ICP-MS offers several advantages over traditional techniques such as Atomic Absorption Spectroscopy (AAS) and Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES), including multi-elemental detection, high sample throughput, and superior isotope ratio measurement. Analytical interferences such as isobaric overlaps, polyatomic and doubly charged ions, and space-charge effects may affect accuracy, but these are effectively mitigated using collision/reaction cell (CRC) systems and kinetic energy discrimination (KED) technology. Moreover, microwave-assisted acid digestion is employed for solid or complex samples to ensure complete dissolution and minimize contamination prior to analysis.

Given its precision, sensitivity, and selectivity, ICP-MS is now a preferred technique in regulatory, pharmaceutical, and environmental laboratories. It is particularly valuable in detecting elemental impurities in pharmaceuticals, as per ICH Q3D and USP <232>/<233> guidelines, ensuring drug safety and compliance with international regulatory standards.

METHOD VALIDATION
Method validation is an essential process in analytical chemistry that confirms whether a developed analytical method is suitable for its intended purpose. It ensures that the method consistently produces accurate, reliable, and reproducible results under defined conditions. According to the International Council for Harmonisation (ICH) and United States Pharmacopeia (USP) guidelines, validation is a critical component of quality assurance in pharmaceutical analysis.

Analytical methods typically requiring validation include:
· Identification tests to confirm the presence of a specific analyte.
· Quantitative tests for impurities to determine impurity levels in substances.
· Limit tests for impurity control to ensure impurities remain within acceptable limits.
· Quantitative assays for the active pharmaceutical ingredient (API) or other critical components in a drug product.

The choice of validation parameters depends on the purpose of the analytical method. The commonly evaluated validation characteristics include specificity, accuracy, precision, repeatability, intermediate precision, linearity, range, detection limit (LOD), quantitation limit (LOQ), and robustness.
· Specificity ensures the method can accurately measure the analyte without interference from other substances.
· Accuracy measures the closeness between the experimental result and the true value.
· Precision assesses the degree of variation among replicate measurements and includes repeatability (intra-day precision) and intermediate precision (inter-day or analyst-to-analyst variation).
· Linearity and range determine the proportionality between analyte concentration and response within a defined interval.
· Detection limit (LOD) and quantitation limit (LOQ) establish the smallest detectable and quantifiable concentrations, respectively.
· Robustness evaluates the method’s resilience to small, deliberate variations in analytical conditions, such as pH, temperature, and flow rate.

AIM AND OBJECTIVE
The term "Quality" of a drug product is defined as the sum of all aspects that contribute either directly or indirectly to the drug's effectiveness and safety.

The literature review indicated that most analytical methods were developed based on other analytical techniques such as UV, HPLC, etc. Except for ICPMS in selected molecules.

· Clarithromycin
As a result, the focus of our research has been on the development and validation of analytical methods for selected molecules utilising ICP-MS technology.

The aim and objective of the proposed work is
· Determine and optimize parameters such as plasma power, gas flows, and sample introduction settings to enhance sensitivity and stability.
· To develop an analytical method with acceptable sensitivity, accuracy, precision, linearity, specificity, and ruggedness for the estimation of elemental impurities in selected drug molecules by using ICP-MS
· To perform the validation for the developed method as per Q2R1, Q3D, and USP guidelines (232 and 233).
· To develop an analytical method that is suitable for routine analysis in quality control laboratories.

Plan of Work
· Review of literature
· Selection of drug molecules
· Choice of solvent
· Determination of solubility properties
· Selection of options as per ICH Q3D
· Optimisation of ICP-MS and Digester Conditions
· Validation of the method as per ICH and USP guidelines
· Analysis of pharmaceutical drug substances
· Application of the proposed method of estimation of pharmaceutical drug substances

MATERIALS AND METHODS


Table 01: List of Instruments
	Name of the instruments
	Manufacturer/Supplier

	Digital Micropippete
	Eppendorf

	Digital balance
	Sartorius

	Bath sonicator
	Sartorius

	Digester
	Titan MPS

	ICP-MS
	Nexion 5000 controlled by Syngistics 2.0



Table 02: List of Chemicals, Reagents and Materials
	Chemical/Reagent Materials
	Suppliers

	Elementals free grade Water
	Milli-Q grade 18 micro ohm

	Nitric acid (Elemental impurities free grade)
	Fisher scientific

	Hydrochloric acid (Elemental impurities free grade)
	Fisher scientific

	Hydrogen peroxide (Elemental impurities free grade)
	Fisher scientific



Table 03: List of Active Pharmaceutical Ingredients and Standards
	API & Standard Materials
	Suppliers

	Clarithromycin
	P&N Pharma and neutraceuticals, Chennai

	Elemental impurity standards
	Inorganic venture




Instrument Parameters - ICPMS Sampling Devices
Peristaltic pump control: No, Sample flush time: 150, Sample flush speed: 50, Read delay time: 50 sec
Read delay and analysis speed: 20.00, Wash time: 180, Wash speed: 45.00

Timing Parameters
Sweep reading: 40, Number of replicates: 3, Dwell time: 60.0 ms

Signal Processing
Detector Mode: Dual, Measurements unit: cps, QID: On,

Plasma Condition
RF Power: 1700W, Carrier gas flow: 1.02 L/min, Mode: Helium KED, He flow: On, He Flow rate: 4.5ml/min





Method Development – Clarithromycin Api
Fixing of Permitted Concentration of Elemental Impurities (µg/g)
Cadmium Oral PDE 5 µg/Day
5 µg/Day
Concentration µg/g =------------------------ = 0.5 µg/gm
10 gm /Day

Target limit or Target concentration:
The acceptance value for the elemental impurity being evaluated. Exceeding the Target limit indicates that a material under test exceeds the acceptable value.

J: The concentration (w/w) of the element(s) of interest at the Target limit, appropriately diluted to the working range of the instrument
PDE µg/Day
J Target Concentration = Maximum Daily dose g/ Day X Dilution factor Dilution factor: 0.05 g of sample into 25 ml diluent

Method Development Trails


Table 04: Digester Condition -01
	Temperature (°C)
	Pressure(bar)
	Ramp
	Hold time (Min)
	Power (%)

	50
	35
	5
	5
	80

	70
	35
	5
	5
	80

	150
	35
	5
	15
	90

	50
	35
	5
	5
	0


Table 05: Different Solvent Ratio for method development process
	S. No
	HNO3 (ml)
	HCl (ml)
	H2O2 (ml)

	01
	2.5
	0.5
	-

	02
	3.5
	0.5
	0.2

	03
	4.5
	1.0
	0.6



Table 06: Method Development trails Results for Accuracy
	S. No
	Elements
	HNO3: HCl
(2.5 ml: 0.5 ml)
	HNO3 : HCl : H2O2
(3.5 ml: 0.5 ml : 0.2 ml)
	HNO3 : HCl : H2O2
(4.5 ml: 1 ml : 0.6 ml)

	1
	Li
	85.11
	89.21
	95.90

	2
	V
	75.61
	85.54
	98.88

	3
	Cr
	85.22
	91.65
	97.56

	4
	Co
	85.11
	91.12
	99.53

	5
	Ni
	91.74
	93.12
	99.27

	6
	Cu
	85.15
	91.12
	96.98

	7
	As
	89.11
	91.42
	93.11

	8
	Se
	76.11
	82.73
	98.54

	9
	Mo
	83.61
	87.15
	97.08

	10
	Ru
	75.09
	89.51
	99.11

	11
	Rh
	78.11
	87.02
	98.56

	12
	Pd
	76.12
	88.12
	99.84

	13
	Ag
	75.98
	88.29
	99.43

	14
	Cd
	91.23
	93.11
	99.87

	15
	Sn
	92.10
	97.54
	102.36

	16
	Sb
	94.78
	98.12
	105.97

	17
	Ba
	91.33
	95.14
	100.02

	19
	Ir
	92.63
	97.33
	102.23

	20
	Os
	155.09
	-
	-

	20
	Pt
	89.14
	94.17
	98.76

	21
	Au
	91.42
	93.12
	98.34

	22
	Hg
	87.32
	96.67
	99.90

	23
	TI
	89.99
	95.63
	101.12

	24
	Pb
	79.27
	87.98
	98.96




Observation:
Solvent Combination 1: (2 ml HNO3:0.5 HCl), recovery results were not satisfactory. Due to the formation of Osmium tetroxide, recovery range for Osmium exceeded the acceptance criteria.
Solvent Combination 2: (3.5 ml HNO3: 0.5 ml HCl: 0.2 ml H2O2)

Nitric acid ratio increased and with the addition of hydrogen peroxide. Recovery results found in satisfactory level except selenium.

Solvent Combination 3: (4.5 ml HNO3: 1 ml HCl: 0.6 ml H2O2)
To adjust selenium recovery result, nitric acid and hydrogen peroxide solvents volume increased.

All the results were found within acceptance criteria. Hence solvent combination 3 finalized for validation. Hydrogen peroxide additional advantages are that there is no acid corrosion of the digestion vessel PTFE walls, no formation of insoluble salts with an acid anion, and no change of the sample matrix by an acid. Because of its strong oxidation power, only small amounts of H2O2 need be used so concentrated sample solutions can be obtained.


Table 07: Optimized Digester Condition
	Temperature (°C)
	Pressure(bar)
	Ramp
	Hold time
	Power (%)

	50
	35
	5
	10
	80

	100
	35
	5
	10
	80

	180
	35
	5
	15
	90

	50
	35
	5
	5
	0



After digestion, samples were transferred into a 25 ml polypropylene tubes. Made up to the volume 25 ml with water.

Method Validation Parameters
Linearity / System Suitability Test (SST)
A system suitability test (SST) was performed to verify the adequacy and performance of the analytical method prior to validation. This test ensures that the system, instrument, and analytical procedure function properly to produce accurate and reliable results.

Linearity was established by analyzing a series of standard solutions at different concentration levels, ranging from 25% (LOQ level) to 200% of the target concentration. The calibration curve for each element was plotted between concentration and instrument response, and the correlation coefficient (r²), slope, and intercept were calculated to assess linearity.

Standard Stock Solution Concentrations (Except Osmium): Cadmium – 5 ppm; Lead – 5 ppm; Arsenic – 15 ppm; Mercury – 30 ppm; Cobalt – 50 ppm; Vanadium – 100 ppm; Nickel – 200 ppm; Thallium – 8 ppm; Gold – 100 ppm; Palladium – 100 ppm; Iridium – 100 ppm; Rhodium – 100 ppm; Ruthenium – 100 ppm; Selenium – 150 ppm; Silver – 150 ppm; Platinum – 100 ppm; Lithium – 55 ppm; Antimony – 120 ppm; Barium – 140 ppm; Copper – 300 ppm; Molybdenum – 300 ppm; Tin – 600 ppm; Chromium – 1100 ppm.

Standard Solution Preparation (Except Osmium):
From each stock solution, 1.0 mL was pipetted into a volumetric flask and diluted to 50 mL with the diluent. From this solution, 0.125 mL, 0.250 mL, 0.500 mL, 0.750 mL, and 1.000 mL were individually transferred into 50 mL PTFE tubes and further diluted to volume with the same diluent to obtain linearity levels corresponding to 25%, 50%, 100%, 150%, and 200%.

The obtained calibration data demonstrated excellent linearity within the specified range, confirming the suitability of the ICP-MS system for quantitative analysis of elemental impurities.


Table 08: Linearity Standard Concentration
	S. No
	Elements
	Intermediate Concentration (ppb)
	0.25 J
(ppb)
	0.50 J
(ppb)
	1.00J
(ppb)
	1.50 J
(ppb)
	2.00 J
(ppb)

	1
	Cd
	100
	0.250
	0.500
	1.000
	1.500
	2.000

	2
	Pb
	100
	0.250
	0.500
	1.000
	1.500
	2.000

	3
	As
	300
	0.750
	1.500
	3.000
	4.500
	6.000

	4
	Hg
	600
	1.500
	3.000
	6.000
	9.000
	12.000

	5
	Co
	1000
	2.500
	5.000
	10.000
	15.000
	20.000

	6
	V
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	7
	Ni
	4000
	10.000
	20.000
	40.000
	60.000
	80.000

	8
	Tl
	160
	0.400
	0.800
	1.600
	2.400
	3.200

	9
	Au
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	10
	Pd
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	11
	Ir
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	12
	Rh
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	13
	Ru
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	14
	Se
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	15
	Ag
	3000
	7.500
	15.000
	30.000
	45.000
	60.000

	16
	Pt
	3000
	7.500
	15.000
	30.000
	45.000
	60.000

	17
	Li
	2000
	5.000
	10.000
	20.000
	30.000
	40.000

	18
	Sb
	24000
	60.000
	120.000
	240.000
	360.000
	480.000

	19
	Ba
	28000
	70.000
	140.000
	280.000
	420.000
	560.000

	20
	Cu
	60000
	150.000
	300.000
	600.000
	900.000
	1200.000

	21
	Mo
	60000
	150.000
	300.000
	600.000
	900.000
	1200.000

	22
	Sn
	120000
	300.000
	600.000
	1200.000
	1800.000
	2400.000

	23
	Cr
	220000
	550.000
	1100.000
	2200.000
	3300.000
	4400.000




Precision
Precision is a key parameter in analytical method validation that reflects the degree of agreement among individual test results obtained under prescribed conditions. It demonstrates the reproducibility of the analytical procedure when applied repeatedly to multiple aliquots of a homogeneous sample.

For this study, six individual samples were prepared and analyzed at the 100% specification level to evaluate method precision. Each sample was spiked with the standard solution as per the specified concentration for the target elemental impurities.

Sample Preparation for Precision (Except Osmium):
Accurately weighed 0.05 g of the sample was transferred into separate clean, dry PTFE digestion vessels. To each vessel, 4.5 mL of nitric acid (HNO₃), 1.0 mL of hydrochloric acid (HCl), and 0.6 mL of hydrogen peroxide (H₂O₂) were added. The respective standard solutions were then spiked at 100% of the target concentration. A sample blank (without API and standard) was also prepared and analyzed simultaneously to ensure method specificity.

The digestion vessels were allowed to stand for 5 minutes at room temperature for pre-digestion, facilitating initial reaction and gas release. Following this, the vessels were sealed and loaded into the microwave digester and processed according to the optimized digestion program parameters.

After digestion, the clear solutions were transferred to volumetric flasks, diluted to the required volume with diluent, and subjected to ICP-MS analysis. The precision of the method was evaluated based on the % Relative Standard Deviation (%RSD) of replicate measurements, which was found to be within the acceptable limit (≤ 20%), confirming the repeatability and reliability of the developed analytical method.


Table 09: Digester condition -Precision
	Temperature (°C)
	Pressure(bar)
	Ramp
	Hold time (Min)
	Power (%)

	50
	35
	5
	10
	80

	100
	35
	5
	10
	80

	180
	35
	5
	15
	90

	50
	35
	5
	5
	0




After digestion, samples were transferred into a 25 ml polypropylene tubes Made up to the volume 25 ml with water.

Accuracy
Accuracy represents the closeness of agreement between the value obtained by the analytical method and the true or accepted reference value. The accuracy of the developed method was evaluated by recovery studies conducted at three concentration levels — 25%, 50%, 100%, and 150% of the target concentration.

Standard Stock Solution Concentrations (Except Osmium):
Cadmium – 5 ppm; Lead – 5 ppm; Arsenic – 15 ppm; Mercury – 30 ppm; Cobalt – 50 ppm; Vanadium – 100 ppm; Nickel – 200 ppm; Thallium – 8 ppm; Gold – 100 ppm; Palladium – 100 ppm; Iridium – 100 ppm; Rhodium – 100 ppm; Ruthenium – 100 ppm; Selenium – 150 ppm; Silver – 150 ppm; Platinum – 100 ppm; Lithium – 55 ppm; Antimony – 120 ppm; Barium – 140 ppm; Copper – 300 ppm; Molybdenum – 300 ppm; Tin – 600 ppm; Chromium – 1100 ppm.

Preparation of Accuracy Standards (Except Osmium):
Aliquots of 0.125 mL, 0.250 mL, 0.500 mL, and 0.750 mL from the 1 mL stock (diluted to 50 mL) were transferred into individual 50 mL PTFE tubes and diluted to volume to obtain 25%, 50%, 100%, and 150% levels, respectively.

Accuracy Sample Preparation:
Accurately weighed 0.05 g of sample was transferred into a clean PTFE digestion vessel. To this, 4.5 mL of nitric acid, 1.0 mL of hydrochloric acid, and 0.6 mL of hydrogen peroxide were added. Known amounts of standards were spiked into the sample at 25%, 50%, 100%, and 150% levels. Blank (without API) and control (without spike) samples were also prepared. The mixtures were allowed to stand for 5 minutes for pre-digestion, then digested under the optimized program.

The percentage recovery for each element was calculated and found within the acceptable range of 70–150%, confirming the accuracy of the developed ICP-MS method.

Table 10: Digester Condition - Accuracy
	Temperature (°C)
	Pressure(bar)
	Ramp
	Hold time (Min)
	Power (%)

	50
	35
	5
	10
	80

	100
	35
	5
	10
	80

	180
	35
	5
	15
	90

	50
	35
	5
	5
	0




LOQ Precision
The Limit of Quantitation (LOQ) is the lowest concentration of an analyte that can be quantified with acceptable precision. LOQ-level (25% of specification) standards were prepared and injected six times to assess precision. The %RSD values obtained were within acceptable limits, confirming method consistency at the LOQ level.
Limit of Detection (LOD)
The Limit of Detection (LOD) is the minimum concentration of an analyte that can be reliably detected but not necessarily quantified. LOD-level standards were prepared by serial dilution and injected in triplicate. The method demonstrated adequate sensitivity, confirming its suitability for trace-level elemental analysis.

RESULTS AND DISCUSSION
Results for Clarithromycin
Linearity/SST
· Prepared Standard solutions in different concentrations From LOQ level (25%) to 200 % as per the specification limits. Intercept and Slope calculated for each elements from linearity curve. The correlation co-efficient should not be less than 0.99


Table 10: Linearity results of elemental Impurities in Intensity (cps)
	S. No.
	Elements
	25 %
	50%
	100%
	150%
	200%

	1
	Cd
	532.46
	1070.49
	2246.54
	3222.60
	4298.65

	2
	Pb
	6029.61
	10985.45
	22077.12
	33168.80
	44260.47

	3
	As
	280.52
	608.35
	1198.02
	1809.69
	2351.36

	4
	Hg
	8548.30
	15118.92
	30260.14
	45401.37
	60542.59

	5
	Co
	23250.17
	46509.92
	93029.40
	139548.89
	186068.37

	6
	V
	18694.79
	43091.13
	76883.82
	115676.51
	154469.2

	7
	Ni
	28313.69
	48659.50
	97351.11
	146042.73
	194734.34

	8
	Tl
	22834.27
	43680.10
	87371.76
	131063.42
	174755.08

	9
	Au
	112515.05
	245095.99
	450257.87
	675419.75
	900581.63

	10
	Pd
	38806.55
	77619.78
	155246.22
	232872.67
	310499.11

	11
	Ir
	228069.29
	459226.44
	921540.75
	1383855.06
	1846169.37

	12
	Rh
	133917.13
	268249.94
	536915.54
	805581.15
	1074246.75

	13
	Ru
	61400.07
	122811.22
	245633.53
	368455.84
	491278.15

	14
	Se
	205.44
	419.22
	846.78
	1254.34
	1701.9

	15
	Ag
	119367.17
	242823.97
	425737.58
	638651.19
	851564.8

	16
	Pt
	106810.04
	213629.07
	448267.11
	640905.16
	854543.2

	17
	Li
	20575.18
	41163.23
	82339.31
	123515.40
	164691.48

	18
	Sb
	170054.93
	300652.96
	601849.00
	903045.05
	1204241.09

	19
	Ba
	402921.67
	808388.46
	1619322.02
	2430255.59
	3241189.15

	20
	Cu
	1140313.06
	2281970.87
	4565286.49
	6848602.11
	9131917.73

	21
	Mo
	908258.34
	1996842.57
	3994011.03
	5991179.49
	7988347.95

	22
	Sn
	947049.13
	1969110.49
	3921233.21
	5883355.93
	7845478.65

	23
	Cr
	1861397.59
	3723096.40
	7446494.00
	11169891.61
	14893289.21



Table 11: Linearity Results of Elemental Impurities
	S. No.
	Elements
	Correlation Co efficient
	Slope

	1
	Cd
	0.9997
	2161.47

	2
	Pb
	0.9999
	22129.11

	3
	As
	0.9998
	396.23

	4
	Hg
	0.9999
	5050.00

	5
	Co
	1.0000
	9303.23

	6
	V
	0.9995
	3871.45

	7
	Ni
	0.9998
	2437.33

	8
	Tl
	1.0000
	54630.22

	9
	Au
	0.9997
	22580.02

	10
	Pd
	1.0000
	7762.41

	11
	Ir
	1.0000
	46124.25

	12
	Rh
	1.0000
	26852.13

	13
	Ru
	1.0000
	12281.85

	14
	Se
	0.9999
	28.18

	15
	Ag
	0.9994
	14272.61

	16
	Pt
	0.9997
	21502.34

	17
	Li
	1.0000
	748.57

	18
	Sb
	0.9999
	2511.15

	19
	Ba
	1.0000
	5786.07

	20
	Cu
	1.0000
	7609.50

	21
	Mo
	0.9999
	6651.89

	22
	Sn
	1.0000
	3268.16

	23
	Cr
	1.0000
	3384.81
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Figure 01: Linearity of Cadmium
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Figure 02: Linearity of Lead
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Figure 03: Linearity of Arsenic
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Figure 04: Linearity of Mercury
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Figure 05: Linearity of Cobalt
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Figure 06: Linearity of Vanadium
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Figure 07: Linearity of Nickel
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Figure 08: Linearity of Thallium
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Figure 09: Linearity of Gold


Precision
· Six spiked (as per specification) individual samples were prepared as procedure mentioned in accuracy and analysed
· % RSD for six determinations NMT 20%


Table 12: Method Precision results in intensity (cps)
	S.
No.
	Elements
	Method Precision Sample -01
	Method Precision Sample -02
	Method Precision Sample -03
	Method Precision Sample -04
	Method Precision Sample -05
	Method Precision Sample -06
	Sample Blank

	1
	Cd
	2143.88
	2189.34
	2203.23
	2133.45
	2220.34
	2122.45
	2143.88

	2
	Pb
	24151.34
	23123.12
	23273.03
	23182.12
	23819.99
	23182.82
	24151.34

	3
	As
	1211.21
	1219.55
	1250.67
	1256.45
	1226.67
	1193.56
	1211.21

	4
	Hg
	30199.13
	30543.34
	30356.11
	30358.57
	30835.21
	30135.34
	30199.13

	5
	Co
	93024.64
	93432.12
	94737.11
	93839.34
	92834.22
	93459.67
	93024.64

	6
	V
	77394.98
	77436.34
	77384.04
	77490.34
	77392.56
	77284.09
	77394.98

	7
	Ni
	97850.83
	97958.23
	98075.34
	97827.34
	97947.11
	97934.12
	97850.83

	8
	Tl
	87351.48
	87457.23
	87869.67
	87348.11
	87396.56
	87436.34
	87351.48

	9
	Au
	449925.22
	448938.23
	448637.82
	448362.02
	447282.12
	449352.12
	449925.22

	10
	Pd
	155142.35
	154363.93
	154363.39
	155274.98
	156869.85
	155475.49
	155142.35

	11
	Ir
	923654.18
	924728.23
	925729.23
	923657.45
	923478.98
	925474.56
	923654.18

	12
	Rh
	536847.38
	537858.32
	536566.67
	535465.56
	536747.98
	535748.34
	536847.38

	13
	Ru
	245534.30
	246898.89
	245678.09
	246878.09
	245788.98
	246887.09
	245534.30

	14
	Se
	855.54
	856.12
	854.34
	855.98
	853.09
	855.12
	855.54

	15
	Ag
	425781.53
	426585.05
	425374.45
	426585.67
	425274.45
	425745.54
	425781.53

	16
	Pt
	427263.54
	427866.11
	426748.67
	427949.45
	426273.45
	427449.45
	427263.54

	17
	Li
	78939.09
	79038.11
	78892.02
	78924.23
	78839.09
	79032.34
	78939.09

	18
	Sb
	623107.13
	625839.98
	631838.56
	643939.34
	632849.45
	634546.56
	623107.13

	19
	Ba
	1620326.70
	1647272.88
	1638589.65
	1645950.65
	1634363.44
	1648393.66
	1620326.70

	20
	Cu
	4475647.49
	4467282.34
	4457575.45
	4469897.56
	4448356.87
	4454564.87
	4475647.49

	21
	Mo
	3794057.54
	3804888.22
	3818384.22
	3797474.31
	3802828.31
	3794747.21
	3794057.54

	22
	Sn
	3924024.00
	3942628.22
	3917389.09
	3956474.83
	3962526.21
	3927747.01
	3924024.00

	23
	Cr
	7326509.65
	7306766.43
	7296767.98
	7302883.34
	7284474.36
	7326256.01
	7326509.65

	24
	Sample Weight(g)
	0.05004
	0.05009
	0.05003
	0.05005
	0.05009
	0.05003
	



Table 13: Accuracy Results for Cadmium
	S. No
	Sample name
	Amount added
	Amount Recovered
	% Recovery
	Average % Recovery

	1
	LOQ Preparation -01
	
0.125
	0.121
	96.80
	97.60

	2
	LOQ Preparation -02
	
	0.122
	97.60
	

	3
	LOQ Preparation -03
	
	0.123
	98.40
	

	4
	50% Preparation -01
	
0.250
	0.245
	98.00
	100.00

	5
	50% Preparation -02
	
	0.255
	102.00
	

	6
	50% Preparation -03
	
	0.250
	100.00
	

	7
	100% Preparation -01
	


0.500
	0.494
	98.80
	

99.87

	8
	100% Preparation -02
	
	0.504
	100.80
	

	9
	100% Preparation -03
	
	0.507
	101.40
	

	10
	100% Preparation -04
	
	0.491
	98.20
	

	11
	100% Preparation -05
	
	0.511
	102.20
	

	12
	100% Preparation -06
	
	0.489
	97.80
	

	13
	150% Preparation -01
	
0.750
	0.743
	99.07
	99.02

	14
	150% Preparation -02
	
	0.717
	95.60
	

	15
	150% Preparation -03
	
	0.768
	102.40
	



Table 14: Accuracy Results for Lead
	S. No
	Sample name
	Amount added
	Amount Recovered
	% Recovery
	Average % Recovery

	1
	LOQ Preparation -01
	
0.125
	0.127
	101.60
	100.80

	2
	LOQ Preparation -02
	
	0.126
	100.80
	

	3
	LOQ Preparation -03
	
	0.125
	100.00
	

	4
	50% Preparation -01
	
0.250
	0.244
	97.60
	101.87

	5
	50% Preparation -02
	
	0.261
	104.40
	

	6
	50% Preparation -03
	
	0.259
	103.60
	

	7
	100% Preparation -01
	


0.500
	0.533
	106.60
	

103.40

	8
	100% Preparation -02
	
	0.509
	101.80
	

	9
	100% Preparation -03
	
	0.513
	102.60
	

	10
	100% Preparation -04
	
	0.511
	102.20
	

	11
	100% Preparation -05
	
	0.525
	105.00
	

	12
	100% Preparation -06
	
	0.511
	102.20
	

	13
	150% Preparation -01
	
0.750
	0.772
	102.93
	102.27

	14
	150% Preparation -02
	
	0.754
	100.53
	

	15
	150% Preparation -03
	
	0.775
	103.33
	



Table 15: Accuracy Results for Arsenic
	S. No
	Sample name
	Amount added
	Amount Recovered
	% Recovery
	Average % Recovery

	1
	LOQ Preparation -01
	
0.375
	0.378
	100.80
	
101.69

	2
	LOQ Preparation -02
	
	0.382
	101.87
	

	3
	LOQ Preparation -03
	
	0.384
	102.40
	

	4
	50% Preparation -01
	
0.750
	0.743
	99.07
	
99.60

	5
	50% Preparation -02
	
	0.747
	99.60
	

	6
	50% Preparation -03
	
	0.751
	100.13
	

	7
	100% Preparation -01
	


1.500
	1.512
	100.80
	


102.04

	8
	100% Preparation -02
	
	1.521
	101.40
	

	9
	100% Preparation -03
	
	1.562
	104.13
	

	10
	100% Preparation -04
	
	1.569
	104.60
	

	11
	100% Preparation -05
	
	1.530
	102.00
	

	12
	100% Preparation -06
	
	1.490
	99.33
	

	13
	150% Preparation -01
	
2.250
	2.284
	101.51
	
103.14

	14
	150% Preparation -02
	
	2.325
	103.33
	

	15
	150% Preparation -03
	
	2.353
	104.58
	



Table 16: Accuracy Results for Mercury
	S. No
	Sample name
	Amount added
	Amount Recovered
	% Recovery
	Average % Recovery

	1
	LOQ Preparation -01
	
0.750
	97.73
	97.73
	98.27

	2
	LOQ Preparation -02
	
	98.93
	98.93
	

	3
	LOQ Preparation -03
	
	98.13
	98.13
	

	4
	50% Preparation -01
	
1.500
	98.73
	98.73
	99.62

	5
	50% Preparation -02
	
	99.60
	99.60
	

	6
	50% Preparation -03
	
	100.53
	100.53
	

	7
	100% Preparation -01
	


3.000
	99.30
	99.30
	

99.96

	8
	100% Preparation -02
	
	100.33
	100.33
	

	9
	100% Preparation -03
	
	99.87
	99.87
	

	10
	100% Preparation -04
	
	99.83
	99.83
	

	11
	100% Preparation -05
	
	101.30
	101.30
	

	12
	100% Preparation -06
	
	99.13
	99.13
	

	13
	150% Preparation -01
	
4.500
	99.51
	99.51
	99.76

	14
	150% Preparation -02
	
	99.98
	99.98
	




Limit of quantification (LOQ Precision)
· LOQ Level (25% from spec level) standards injected six times to determine precision
· % RSD of Intensity NMT 20%.


Table 17: LOQ results in intensity (cps)
	S. No
	Elements
	LOQ – 01
	LOQ – 02
	LOQ - 03
	LOQ - 04
	LOQ - 05
	LOQ - 06

	1
	Cd
	532.46
	530.90
	532.32
	532.65
	530.36
	528.78

	2
	Pb
	5439.61
	5431.11
	5532.11
	5692.00
	5431.20
	5461.20

	3
	As
	280.52
	283.02
	283.90
	282.79
	281.80
	282.11

	4
	Hg
	7548.30
	7616.03
	7551.09
	7517.16
	7591.01
	7663.12

	5
	Co
	23250.17
	23437.86
	23436.44
	23354.99
	23144.33
	23667.37

	6
	V
	18694.79
	18666.77
	18592.51
	18665.89
	18546.00
	18766.87

	7
	Ni
	24313.69
	24442.97
	24431.30
	24335.74
	24514.53
	24835.41

	8
	Tl
	21834.27
	21826.55
	21772.06
	21834.65
	21661.98
	21635.87

	9
	Au
	112515.05
	113379.45
	112681.32
	113408.19
	114401.56
	114301.43

	10
	Pd
	38806.55
	38468.46
	38419.62
	37457.44
	38459.42
	38460.66

	11
	Ir
	228069.29
	229459.25
	229585.47
	227386.22
	229478.46
	231478.59

	12
	Rh
	133917.13
	132840.56
	133847.71
	131940.67
	133947.64
	134051.82

	13
	Ru
	61400.07
	61522.03
	61524.64
	62424.14
	61525.03
	62445.81

	14
	Se
	206.11
	206.29
	207.30
	207.00
	207.78
	206.00

	15
	Ag
	106367.17
	105374.60
	104247.58
	103389.03
	103377.70
	103367.20

	16
	Pt
	106810.04
	105475.50
	104840.27
	105364.36
	106368.59
	106667.35

	17
	Li
	20575.18
	20662.09
	20521.36
	20633.55
	20661.46
	20454.69

	18
	Sb
	150054.93
	149834.85
	150820.22
	151824.12
	152205.26
	155125.40

	19
	Ba
	402921.67
	404100.98
	401131.19
	403119.30
	401212.31
	403133.34

	20
	Cu
	1140313.06
	1145028.88
	1155403.18
	1152288.82
	1145103.68
	1147442.68

	21
	Mo
	998258.34
	998037.23
	983307.56
	984320.75
	981908.56
	982442.23

	22
	Sn
	978049.13
	979533.77
	973540.89
	971632.02
	981533.35
	985665.11

	23
	Cr
	1861397.59
	1863233.88
	1853466.12
	1864246.23
	1853235.79
	1858686.57



Limit of Detection

Table 18: LOD level results (cps)
	S. No
	Element s
	LOD – 01(cps)
	LOD – 02(cps)
	LOD – 03(cps)
	Average (cps)
	LOD(pp b)
	LOD(pp m)

	1
	Cd
	171.98
	171.55
	172.77
	172.10
	0.08
	0.04

	2
	Pb
	1723.90
	1750.22
	1728.11
	1734.08
	0.078
	0.039

	3
	As
	75.61
	74.91
	77.54
	76.02
	0.192
	0.096

	4
	Hg
	2475.99
	2405.91
	2471.36
	2451.09
	0.485
	0.243

	5
	Co
	7666.14
	7634.21
	7675.52
	7658.62
	0.823
	0.412

	6
	V
	5699.24
	5703.41
	5700.75
	5701.13
	1.473
	0.737

	7
	Ni
	8002.00
	8026.33
	8046.55
	8024.96
	3.293
	1.647

	8
	Tl
	7197.56
	7199.53
	7197.65
	7198.25
	0.132
	0.066

	9
	Au
	37085.82
	36509.45
	36206.87
	36600.71
	1.621
	0.811

	10
	Pd
	12801.69
	12752.27
	12750.38
	12768.11
	1.645
	0.823

	11
	Ir
	73193.99
	73265.58
	72559.47
	73006.35
	1.583
	0.792

	12
	Rh
	43914.15
	43856.62
	43149.79
	43640.19
	1.625
	0.813

	13
	Ru
	20254.59
	20124.12
	20113.58
	20164.10
	1.642
	0.821

	14
	Se
	62.21
	62.89
	64.12
	63.07
	2.238
	1.119

	15
	Ag
	35041.11
	35576.70
	35778.76
	35465.52
	2.485
	1.243

	16
	Pt
	35241.30
	35788.34
	35749.88
	35593.17
	1.655
	0.828

	17
	Li
	6781.19
	6770.22
	6780.90
	6777.44
	9.054
	4.527

	18
	Sb
	49154.26
	49142.00
	49215.36
	49170.54
	19.581
	9.791

	19
	Ba
	131258.93
	132212.84
	133213.01
	132228.26
	22.853
	11.427

	20
	Cu
	375402.33
	374202.22
	373505.19
	374369.91
	49.198
	24.599

	21
	Mo
	329206.91
	325332.17
	324523.05
	326354.04
	49.062
	24.531

	22
	Sn
	320738.02
	323644.41
	321976.86
	322119.76
	98.563
	49.282

	23
	Cr
	614059.39
	613557.55
	614486.22
	614034.39
	181.409
	90.705




SUMMARY AND CONNCLUSION
In this work, a new ICP-MS approach for listed medications with active pharmaceutical ingredients was created.

· Clarithromycin: The created approaches were validated in a various types of parameters, including
· Linearity / SST
· Precision
· Accuracy
· Limit of detection
· Limit of quantification
· Specificity
· Ruggedness

The revised regulations for elemental impurities offer enhanced data to detect specific elemental impurities and assess their possible impact for patient safety. The ideal operating parameters for the ICP-MS technique, employed in the analysis of elemental impurities, were effectively established by multivariate optimization. A method utilizing ICP-MS for quantifying elemental impurities in active pharmaceutical ingredients has been developed in compliance with the new USP Section 232 and Limits-233 procedures for Elemental Impurities. A strong correlation was identified in the experimental values, with a minimum value of 0.99. Validation demonstrated that all elements exhibited recovery rates ranging from 70% to 150% and a relative standard deviation (RSD) within 20% for precision (repeatability), thereby meeting the USP standards. The method's ruggedness, indicated by a % RSD of less than 25, illustrates its capacity for reproducibility across numerous days. The LOD and LOQ values from the developed approach are optimally aligned for the quantification of elemental contaminants in accordance with USP target limits. Trace levels of elemental impurities including Iridium (Ir), Barium (Ba), Cadmium (Cd), Arsenic (As), Platinum (Pt), Mercury (Hg), Cobalt (Co), Nickel (Ni), Gold (Au), Vanadium (V), Palladium (Pd), Rhodium (Rh), Lithium (Li), Selenium (Se), Silver (Ag), Ruthenium (Ru), Molybdenum (Mo), Antimony (Sb), Copper (Cu), Tin (Sn), Chromium (Cr), Lead (Pb), and Thallium (Tl) in a single analysis. The methodology was developed in compliance with ICH- Q3D Option 1. The validation results have been presented and organized in tables to summarize the method's performance. An efficient ICP-MS method was developed for the concurrent analysis of 23 elements. It can simultaneously and accurately detect 23 things. The instrument's KED mode mitigates interference from oxides and polyatomic ions, resulting in a reduced detection time for each sample.

The Advantages of the Developed ICP-MS Method:
· No difficult extraction methods are required.
· Simultaneous examination of several elements in a single run

No internal standard is necessary
· The required running time is significantly reduced.
· Suitable for the examination of Clarithromycin API
· Economically efficient

Hence, the developed ICP-MS technique for Clarithromycin API, being rapid, simple, precise, specific, linear, accurate, and rugged. It can be applied for the routine analysis of selected.
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