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Abstract: Elemental impurities contained in a drug product create a  risk for patients. Potential toxic 
elemental impurities are defined and classified in the Guideline for Elemental Impurities Q3D(R1). Among 
the finished product dosage forms, parenteral products could be critical for elemental impurities because 
elemental impurities go directly into systemic circulation. One of the most frequently used methods to 
determine elemental impurities is inductively coupled plasma–mass spectrometry (ICP–MS). In this study 
we aimed to develop and validate an ICP-MS method for the determination of 24 elemental impurities 
in micafungin powder for infusion manufactured in our own facility. Results showed that correlation 
coefficients of calibration curves were found higher than 0.99 for all elements in the determined ranges 
and all validation parameters were achieved successfully. With this method, all 24 elemental impurities 
can be tracked throughout the shelf life of the product.
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Elemental impurities contained in a  drug 
product create a risk for patients. Potential toxic 
elemental impurities are defined and classified by 
The International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for 
Human Use (ICH) in the “Guideline for Elemental 
Impurities Q3D(R1)”. Based in this guideline, man-
ufacturers make great efforts to prevent patient ex-
posure to these elements. The required quality as-
surance and quality control processes are carried 
out by manufacturers. To prevent the presence of 
elemental impurities in the drug product, possible 
sources of contamination must be determined and 
controlled. These potential sources could be the 
drug substance, manufacturing equipment, wa-
ter, container closure system, and excipients. On 
the other hand, even if all these points are taken 
into consideration, it is a requirement expected by 
the authorities to show that the finished product 
does not exceed the Parenteral Permitted Daily 
Exposure (PDE) limit. Among the finished prod-
uct dosage forms, parenteral products could be 
critical for elemental impurities because elemental 

impurities go directly into systemic circulation. 
Therefore, determination of elemental impurities 
in parenteral products is critical to ensure patient 
safety. For this purpose, regulatory authorities have 
clearly determined the limits of the presence of el-
emental impurities that may pose a risk in paren-
teral products [1-3].

One of the most frequently used methods to 
determine elemental impurities is inductively cou-
pled plasma mass spectrometry (ICP-MS). In this 
technique, the ICP source transforms the atoms of 
the elements into positively charged ions, and these 
ions are separated by the mass spectrometer ac-
cording to the mass-to-charge ratio and transmit-
ted to the detector. ICP-MS enables the determina-
tion of the elements in ICH Q3D with a sensitivity 
well below the level specified in the guidelines for 
drug substances or drug products. ICP-MS analy-
ses also have some difficulties and limitations. The 
main difficulties seem to be that the equipment is 
expensive and trained and experienced personnel  
are critical [1-5].
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Micafungin sodium is a  water-soluble anti-
fungal drug, approved by the European Medicines 
Agency in 2008. Micafungin containing medicine 
was formulated as a powder for infusion at two dos-
ages (50 and 100 mg). In use, the lyophilized powder 
is first redispersed by adding 5 mL of 0.9% NaCl or 
5% glucose and diluted according to the concentra-
tion to be used in the infusion. It must be shown that 
there is no impurity above the elemental impurity 
limits specified by the authorities in all the manu-
facturing processes, from active ingredient synthe-
sis to obtain the finished product [6].

The study aims to develop and validate an ICP-
MS method, which requires expertise for the quan-
tification of elemental impurities. With this aim, 
method development and validation studies were 
performed for the determination of 24  elemental 
impurities in micafungin powder for infusion man-
ufactured in our own facility.

EXPERIMENTAL

Materials
Nitric acid 65% was purchased from Merck, 

tuning solution for ICP-MS and ICP-MS osmium 
standard were purchased from CPA Chem. All other 
ICP-MS elemental standards were purchased from 
AccuStandard. Ultrapure water was obtained by 
using a Milli-Q system (Millipore, USA). All other 
chemicals were of MS or pharmaceutical grades.

Instrumentation
Analyses were performed by ICP-MS 

Shimadzu-2030. AS-10  autosampler was used. 
ICP‑MS Operating Conditions are given in Table 1.

Preparation of Solutions
2% HNO3  Solution Preparation (Diluent): 

Added 31 mL of concentrated (65%) nitric acid so-
lution into ~ 300 mL of pure water and shook well. 
Completed to 1000  mL volume with pure water. 
This solution was also used as a calibration blank 
solution.

Tune Solution: Took 250 µL of certified refer-
ence material containing 2 mg/L of beryllium (Be); 
0.4 mg/L of indium (In); 0.4 mg/L of bismuth (Bi); 
1 mg/L of cobalt (Co); 1 mg/L of manganese (Mn); 
0.4 mg/L of cerium (Ce) and diluted to 50 mL with 
diluent.

4% HNO3  Solution Preparation (Washing 
Solution): Added 62 mL of concentrated (65%) ni-
tric acid solution into ~ 300 mL of pure water and 
shook well. Completed to 1000 mL volume with 
pure water.

Internal Standard Solution: Transferred 10 µL 
of each: 1000  ppm In, 1000  ppm scandium (Sc), 
1000  ppm germanium (Ge), 1000  ppm Bi main 
stock solution and 100 µL of the 100 ppm Y main 
stock solution into a 100 mL volumetric flask and 
diluted to volume with diluent (In, Sc, Ge, Bi, Y;  
100 ppb).

Table 1. ICP-MS operating conditions.

Conditions Properties

RF power 1.20 kW

Sampling depth 5.0 mm

Plasma gas Ar: 9.0 L/min

Auxiliary gas Ar: 1.10 L/min

Carrier gas Ar: 0.70 L/min

Torch Mini-Torch ICPMS

Nebulizer Nebulizer O7UES

Chamber Cyclone chamber

Chamber temperature 5°C

Number of scan 20

Cell gas He: 6.0 mL/min

Cell voltage -21 V

Energy filter 7 V

Solvent rinse time 40 sec (low) 60 sec (high)

Sample rinse time 40 sec (low) 60 sec (high)

Peristaltic pump rotation speed 20 rpm (low) 60 rpm (high)



Development and Validation of Analytical Method… 281

Calibration Solutions: For each element cali-
bration, the solutions were prepared according to 
the targeted concentration range.

Unspiked Sample Solution Preparation 
for Micafungin 50  mg: Two vials of 50  mg of 
Micafungin were transferred into a 250 mL flask 
by adding 19 mL of HNO3 (65%) and completed to 
volume with distilled water. Then, 1.0 mL of the 
solution was taken and transferred to a 50 mL flask 
and completed to volume with diluent (2% HNO3)

Unspiked Sample Solution Preparation 
for Micafungin 100  mg: One vial of 100  mg of 
Micafungin was transferred into a  250  mL flask 
by adding 19 mL of HNO3 (65%) and completed 
to volume with distilled water. Then, 1.0  mL of 
the solution was taken and transferred to a 50 mL 
flask and completed to volume with diluent  
(2% HNO3).

Spiked Sample Solution Preparation 
for Micafungin 50  mg: Two vials of 50  mg of 
Micafungin were transferred into a 250 mL flask 
by adding 19 mL of HNO3 (65%) and completed to 
volume with distilled water. Next, 1.0 mL of the so-
lution was taken and transferred into a 50 mL flask. 
Then, the solution was spiked with 24 elements to 
obtain the final concentration of corresponding J 
values for each of the elemental impurities and com-
pleted to volume with diluent (2% HNO3).

Spiked Sample Solution Preparation 
for Micafungin 100  mg: One vial of 100  mg of 
Micafungin was transferred into a 250 mL flask by 
adding 19 mL of HNO3 (65%) and completed to vol-
ume with distilled water. Next, 1.0 mL of the solu-
tion was taken and transferred into a 50 mL flask. 
Then, the solution was spiked with 24 elements to 
obtain the final concentration of corresponding J 
values for each of the elemental impurities and com-
pleted to volume with diluent (2% HNO3).

Validation
All the parameters stated in the ICH Guideline 

Q2(R1) were investigated (ICH 2005). The system 
suitability parameter was performed to verify that 
the analytical system works properly, and gives ac-
curate and precise results. System suitability testing 
was performed before the initiation of each valida-
tion parameter analysis. For the analysis of each ele-
mental impurity, the limit of J values and acceptance 
criteria were determined according to USP <232> 
and analyses were performed as per USP <233>.

Specificity
The specificity parameter evaluated if the 

product to be analyzed can be determined precisely 

in the presence of matrix effect and additives. The 
specificity of the developed method was evaluated 
by analyzing the blank, calibration standard solu-
tions, unspiked sample solution, and spiked sam-
ple solutions. The interference between each tar-
get element, blank solution, and the sample was 
demonstrated, and the response of each element 
was recorded. The response obtained from the 
blank solution should not be greater than 5% of the 
response obtained from the standard solution of  
each peak.

Linearity, LOD, LOQ
For linearity studies, the calibration samples 

were prepared by serial dilutions from the standard 
solution at concentrations of 0%, 50% (0.5J), 75% 
(0.75J), 100% (1J), 150% (1.5J), and 200% (2J) and 
three replicates of analysis were performed from 
each calibration level. The regression analysis was 
performed for linearity parameter, and the corre-
lation coefficient R value should not be less than 
0.99. The linearity equations were recorded for the 
calculation of the precision and accuracy data. The 
limit of detection (LOD) and limit of quantification 
(LOQ) values were calculated by ICP-MS for each 
element separately.

Precision
The precision of the analytical method was 

described as the closeness of replicate sampling 
obtained from same homogeneous sample. This 
parameter was investigated under three subhead-
ings: system precision, repeatability, and intermedi-
ate precision. For the precision parameter, the data 
were calculated by using calibration lines. The 100% 
level of calibration line was injected to the system 
six times consecutively, and the relative standard 
deviation (RSD)% value should not be more than 
20% for the system precision parameter.

For the repeatability and intermediate preci-
sion parameters, two different unspiked samples and 
six different spiked samples were prepared, and the 
calculation was performed by subtracting the un-
spiked response from spiked response for each el-
emental impurity. The RSD% value obtained from 
six sample solutions should not be more than 20%. 
In addition, 12 sample solution results of each tar-
get element obtained from repeatability and inter-
mediate precision parameters were evaluated. The 
RSD% should not be more than 25%.

Accuracy
For the accuracy parameter, nine different 

sample solutions were prepared and spiked with 
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the mix standard solution at 50% (0.5J), 100% (1J), 
and 150% (1.5J) levels of the working concentration 
at three replicates from each level. Recovery analy-
sis results should be within 70%-150% for the mean 
of three replicate preparations at each level for each 
elemental impurity.

RESULTS AND DISCUSSION

According to the elemental impurity guide 
(Q3D) published by the ICH and used by the au-
thorities, elements are considered to be in three dif-
ferent classes according to their toxicity potential 
and possibility of being found in the finished prod-
ucts [7]. Among these impurities, the impurities in 
Class 1 are arsenic (As), cadmium (Cd), mercury 
(Hg), and lead (Pb). Arsenic, one of the elements 
known for its toxicity to humans, is known to cause 
cancer and skin lesions in chronic exposure. In ad-
dition, diabetes, cardiovascular disease, and infant 
exposure at any stage of development are associated 
with adverse effects on cognitive development [8, 
9]. Exposure to Cd, another of these toxic elements, 
has been shown to cause cancer and systemic or-
gan toxicity [10]. Hg is known for its toxicity in the 
lungs, central nervous system and kidneys, and be-
cause it crosses the blood-brain barrier, neurological 
symptoms that can develop even with low exposure 
can last for decades [11]. Although Pb poisoning has 
toxic effects on the development of the nervous sys-
tem and brain, especially in children, it is known to 
cause cardiovascular problems and kidney damage 
in adults [12, 13].

Similarly, the elements given in Class 2 are 
also known for their toxicity depending on the 
route of use, and their parenteral use can direct-
ly enter the systemic circulation and cause toxic-
ity. Therefore, it is important to evaluate whether 
they are present in our finished product or not. 
Elements in this group that are likely to be found 
in products are Co, nickel (Ni) and vanadium (V); 
while elements that are less likely to be found are 
silver (Ag), gold (Au), iridium (Ir), osmium (Os), 
palladium (Pd), platinum (Pt), rhodium (Rh), ru-
thenium (Ru), selenium (Se) and thallium (Tl). 
Although the elements in Class 3 (barium (Ba), 
chromium (Cr), copper (Cu), lithium (Li), molyb-
denum (Mo), antimony (Sb), and tin (Sn)) cause 
lower toxicity, the importance of their determina-
tion, especially in parenteral and inhalation use, 
is emphasized by the guideline. With this method 
developed for the determination of the aforemen-
tioned elemental impurities, the following results  
were obtained.

Calibration samples were prepared by serial 
dilutions from the standard solution at concentra-
tions of 0%, 50% (0.5J), 75% (0.75J), 100% (1J), 
150% (1.5J), and 200% (2J) and three replicates of 
analyses were performed for all these 24 elements in 
the targeted concentration. The linearity of the con-
centration range for the elements was proven. The 
correlation coefficients of the calibration curves for 
all the elements were found higher than 0.99 for all 
the elements in the determined ranges. Also, LOD 
and LOQ values are given (Table 2).

RSD of six replicate injections of standard so-
lution were smaller than 20% for all the elements. 
These results showed consistency of the repeatabil-
ity of the standard solution analysis. Also, the dif-
ference between the prepared spiked sample and 
non-spiked samples was checked and RSD was 
calculated. For six spiked repeatability sample so-
lutions (spiked-unspiked), RSD was not more than 
20% for each target element. The average recovery 
results of six spiked repeatability sample solutions 
(spiked-unspiked) were between 70-150% for each 
element. (Table 3)

In the scope of the intermediate precision pa-
rameter, the repeatability analysis was reperformed 
on a different day, with a different analyst. The re-
sults were combined with the repeatability analy-
sis so that the total number of analyses was 12. For 
all the elements in six intermediate precision so-
lutions, the RSD was not more than 20%. The ac-
ceptance criteria were met. The 12 sample RSD% 
results of repeatability and intermediate precision 
was not more than 25%. The acceptance criteria 
were met. The average of six spike intermediate 
precision sample solutions (spiked-unspiked) re-
covery analysis results were between 70-150%  
for each element.

As specified in the analytical method, nine dif-
ferent sample solutions were prepared and spiked 
from the mix standard solution at 50% (0.5J), 100% 
(1J), 150% (1.5J) levels of the working concentra-
tion with three replicates from each level. The re-
covery results of the accuracy analysis were within 
70-150% for the mean of three replicate preparations 
at each concentration. The acceptance criteria were 
met (Table 4).

The presence of abovementioned three classes 
of elemental impurities in parenteral drug products 
is gaining importance due to their known toxic-
ity. Therefore, the analysis method has been de-
veloped for all classes of elemental impurities for 
Micafungin 50 mg and 100 mg powder for infusion 
product. For this purpose, considering the PDE lim-
its given in the guide, the amount of these elements 
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Table 3. Repeatability and intermediate precision results.

Element
Repeatability Intermediate precision 12 sample 

RSD%Mean (%) RSD%(n = 6) Mean (%) RSD%(n = 6)

Ag 92.6 3.9 90.8 1.9 3.1

As 101.9 3.0 107.7 4.0 4.5

Au 87.7 4.9 117.4 9.6 17.1

Ba 106.1 2.2 106.5 1.1 1.7

Cd 83.3 2.8 74.4 2.0 6.4

Co 96.8 2.9 95.1 3.3 3.1

Cr 102.8 1.9 95.3 1.2 4.3

Cu 98.5 2.4 96.3 1.2 2.2

Hg 109.7 5.0 97.3 4.3 7.8

Ir 100.2 2.0 98.1 1.1 2.0

Li 93.3 2.3 84.4 2.5 5.7

Mo 100.0 2.8 98.3 1.4 2.3

Ni 87.8 14.9 108.0 11.4 16.4

Os 97.1 4.1 100.7 2.2 3.7

Pb 96.9 5.7 103.9 5.4 6.6

Pd 91.3 1.7 84.1 1.5 4.6

Pt 98.2 2.5 96.8 1.5 2.1

Rh 99.4 1.3 96.0 1.1 2.1

Ru 98.8 1.6 96.5 1.0 1.8

Sb 104.0 2.4 101.1 1.4 2.4

Se 107.6 3.3 97.7 2.9 5.8

Sn 96.4 3.6 98.5 1.6 2.9

Tl 101.3 2.2 102.4 1.5 1.9

V 98.5 1.7 98.5 1.8 1.7

Table 4. Accuracy results.

Element 0.5 J 1 J 1.5 J Total recovery%

Ag 72.9 99.7 104.2 92.3

As 102.0 96.4 103.0 100.5

Au 81.4 99.4 110.0 96.9

Ba 98.4 99.9 100.2 99.5

Cd 92.4 96.3 99.4 96.0

Co 94.2 96.2 98.0 96.1

Cr 96.5 97.7 98.9 97.7

Cu 100.0 101.0 101.8 100.9

Hg 76.3 86.3 85.1 82.6

Ir 97.5 99.4 99.7 98.9

Li 101.1 100.8 98.0 100.0

Mo 93.4 97.1 97.9 96.1

Ni 126.7 91.6 97.1 105.1

Os 94.1 95.3 97.8 95.7
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the analysis result of three batches of each dose were 
evaluated, it was found that the results between the 
batches were very close. Table 5 includes the results 
of one representative batch for each dosage.

mentioned in the guidelines were determined. 
The  results are given in Table  5. These analyses 
were carried out by preparing two replicates of sam-
ples for three different batches for each dose. When 

Table 5. Representative results of the finished product from each dose.

Elements Limits (ppb) Micafungin 50 mg powder for infusion 
results (ppb)

Micafungin 100 mg powder for infusion 
results (ppb)

Cd 0.11 0.00 0.00

Pb 0.27 0.01 0.02

As 0.80 0.01 0.05

Hg 0.16 0.00 0.00

Co 0.27 0.00 0.00

V 0.53 0.00 0.01

Ni 1.07 0.00 0.00

Tl 0.43 0.00 0.02

Au 5.33 0.63 0.86

Pd 0.53 0.00 0.00

Ir 0.53 0.00 0.02

Os 0.53 0.01 0.02

Rh 0.53 0.00 0.01

Ru 0.53 0.00 0.01

Se 4.27 0.00 0.04

Ag 0.53 0.00 0.00

Pt 0.53 0.00 0.02

Li 13.33 0.08 0.08

Sb 4.80 0.00 0.16

Ba 37.33 0.23 1.46

Mo 80.00 0.00 2.40

Cu 16.00 0.00 0.41

Sn 32.00 0.36 1.02

Cr 58.67 0.00 1.98

Table 4. Accuracy results (cont.).

Element 0.5 J 1 J 1.5 J Total recovery%

Pb 75.8 84.9 91.2 84.0

Pd 94.1 100.9 98.9 98.0

Pt 98.1 99.2 100.1 99.1

Rh 98.0 99.7 99.7 99.1

Ru 97.8 99.0 98.8 98.5

Sb 97.2 97.9 99.7 98.3

Se 98.2 102.4 97.1 99.2

Sn 91.9 96.0 97.5 95.1

Tl 96.9 99.3 101.3 99.2

V 94.5 98.6 101.1 98.1
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CONCLUSIONS

Micafungin powder for infusion is an important 
medicine with broad antifungal activity. For the de-
velopment of parenteral products, the determination 
of elemental impurities that can originate from the 
manufacturing process and that can be observed dur-
ing the shelf life of a product is a critical point. In this 
study, we successfully developed and validated an 
ICP-MS method to determine the 24 elemental impu-
rities mentioned in the parenteral products guidelines 
for Micafungin containing a sterile drug product. 
This study can be considered as a reference in the 
development method for other injectable products.
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