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Abstract:

Elemental Impurities in Pharmaceuticals industry is indispensable to ensure of pharmaceuticals safety, for 24 elements Although atomic absorption and inductively coupled plasma are used in the U.S Pharmacopeia and the European Pharmacopoeia, FESEM with energy dispersive spectrometers can be applied as an alternative analysis method for quantitative and qualitative results for a variety of elements without chemical pretreatment, unlike other techniques.
This technique characterizes by shortest time, with less contamination, no reagent consumption and generation of minimal residue or waste as well as sample preparations time limiting, with minimal analysis error. Simple dilution for powder or direct analysis for liquid, we analyzed the usefulness of energy dispersive spectrophotometry (EDS) method in testing with field emission scanning electron microscopy (FESEM, SUPRA 55 Carl Zeiss Germany) with an X-ray energy dispersion (XFlash6l10 Bruker Germany). The samples analyzed directly without coating by applied 5µ of known concentrated diluted sample on carbon stub with accelerated voltage according to sample thickness, the result for this spot was in atomic percentage and by Avogadro converted factor the final results will be in microgram.



Introduction:

Impurities in pharmaceutical drug products are unfavorable substance Which could have a negative long-term effect, type of impurities recently focused on inorganic metal impurities which are categorized as class I and class II. The pioneer guidance of ICH-Q3D has been recently applied in December 2017 to monitoring the concentration of heavy metals in pharmaceutical product [1].
The impurities might be classified in active pharmaceutical ingredient (API-related) to: first type is produce under specific storage conditions by degradation of API itself, and second type is reveal due to the interaction between API excipients, reagents, container, and solvents. [2]. Due to the structure-activity of the impurities associated with the API, it has the potential to cause a genotoxic appearance with mutagenic and carcinogenic risks. [3].
These impurities have been divided into three classes (1, 2A and 2B, and 3) according to their toxic effect and appearance prospect in the pharmaceutical drug [4].
US Pharmacopeia (USP) tip off elemental impurities-limits precisely related with permitted daily exposures (PDE) for 24 elements (Li, V, Cr, Co, Ni, Cu, As, Se, Mo, Ru, Rh, Pd, Ag, Cd, Sn, Sb, Ba, Os, Ir, Pt, Au, Hg, Tl and Pb) [5].
For above reasons, researchers have evolved a variety of analysis techniques with sample preparation methods in order to amendment elemental impurities detection such as inductively coupled plasma optic emission spectrometry (ICP-OES), and inductively coupled plasma mass spectrometry (ICP-MS) which used for this purpose, due to their high sensitivity, multi elemental capacity and wide linear range. [6-8].

Unfortunately, those procedures were not suitable for some element detection like for osmium (Os) and not completely cover all 24 target elements for some reasons like exaggeration recovery [9].
On the other hand, a non-usual sample preparation procedure modification such as microwave digestion with nitric acid, and forming of some volatile and toxic product during sample preparation as combined with ICP-MS method can be lead to improper and un accurate results [10].
One of novel technique used for analytical of final pharmaceutical drugs is electron microscope with energy dispersive spectroscopy (SEM-EDS) which is still not standard procedure in pharmacopoeia, while the results are very comparable with those obtained by ICP- OES with good correlation [11,12].
SEM-EDS method permit to clarify the qualitative and quantitative composition in the pharmaceutical form analyzation and can also mapped and identify the impurities and residual products of the drug form compounds, leading to a better understanding of the mode of their formation [13,14].
EDS analysis have clarified clear information in pharmaceutical studies according to presence or lack of impurities in both solid dosage form and the manufacture process [15].
Aim of this study is to develop new pharmacopeia technique by depend on FESEM- EDS results to be a standard procedure for sample preparation and analysis to cover all 24 impurities elements with high accuracy and less error.


Materials and Methods:

Lead chloride solution (class 1in USP) and selenium solution (class 2B in USP) were separately prepared to be represented as parenteral drugs for analysis with known concentrated by dissolve 0.035 g of lead chloride purity 99.999% density 5.85 g/mL at 25 °C (lit.) (sigma Aldrich) in 25°C deionized distal water (18.2 MΩ) (%w/v) to enhance dissolution [16]. and dissolve 0.025g of selenium purity 99.99% , 100mesh density 4.81 g/mL at 25 °C (lit.) (sigma Aldrich) in 25°C deionized distal water (18.2 MΩ) [17].
A 7.5 µl and 15 µl for lead chloride and selenium respectively (depend on target size after drying) were placed by use micropipette (Human, Germany) on doubly sided sticky carbon discs which were mounted on aluminum stubs (12.5 mm in diameter). Then the sample examine for size and thickness by use Peak scale Lupe (Peak scale Lupe, Peak optic, Japan) and 45° degree multi stubs holder (Ted Pella Inc, USA) and then placed in the FESEM measurement chamber. A SEM study under SE1 (secondary 1 electron detector) was done to investigate sample thickness to be less than 3µ after drying (Carl Zeiss Supra 55Vp, German) Field Emission Scanning Electron Microscope (SEM Unit, Pharmacy College, Basrah University, Iraq) equipped with energy dispersive X-ray microanalyzer EDS (XFlash6l10 Bruker Germany) with standard setting parameters to obtain a distribution of elemental composition of the surface [18-20].
The chemical composition of fine objects is measured in special parameters according to sample by put the substance in the vacuum chamber and by electron beam will be illuminated. Electrons may ionize the sample of surface atoms and diffused into the material by ejecting secondary electrons from the stationary shells. Electron shell gap will result and filed by electron avalanche from the outer shells of the atom. The X-ray emission photons are collected by an EDS detector and transmitted through an electronic system to the multi-channel analyzer, in which the

pulses are separated according to their amplitude. The sample analysis can be repeated to double check because the EDS microanalysis did not affect specimens during and after analysis [21].
For high accuracy and detection limit the Instrumental instabilities was less than 1%, and the background intensity is equivalent to the peak count rate which was be obtained by increasing the beam current and / or counting time [22].


Results and Discussions:

Lead chloride and selenium solutions were used as model for parenteral drugs as describe in USP 233 to determined permitted daily exposure (PDE) limits as unknowingly concertation and applied for FESEM-EDS analysis without any preparation or digestions.
As seen in table (1) and figure (1), the atomic percentage of lead was (0.1%) for solution concentrated 0.035 g, on the other hand the atomic percentage of selenium was (1.7%) for solution concentrated 0.025g (Table 2) (Fig.2).


Table 1.: Results of EDS analysis of lead chloride experiment sample

	Element
	Series
	Unn [wt%]
	C norm. [wt%]
	C atom. [at%]
	C error [wt%]

	Carbon
	K-series
	66.58
	66.58
	73.02
	22.08

	Oxygen
	K-series
	32.22
	32.22
	26.52
	11.56

	Sulfur
	K-series
	0.18
	0.18
	0.33
	0.18

	Chlorine
	K-series
	0.31
	0.31
	0.12
	0.13

	Lead
	M-series
	0.09
	0.09
	0.10
	0.10

	
Total
	
	
100.00
	
100.00
	
100.00
	




Table 2.: Results of EDS analysis of selenium experiment sample

	Element
	Series
	Unn [wt%]
	C norm. [wt%]
	C atom. [at%]
	C error [wt%]

	Carbon
	K-series
	67.31
	67.31
	77.81
	22.35

	Oxygen
	K-series
	18.80
	18.80
	16.31
	7.07

	Selenium
	L-series
	9.68
	9.68
	1.70
	1.46

	Nitrogen
	K-series
	4.21
	4.21
	4.17
	2.30

	
Total
	
	
100.00
	
100.00
	
100.00
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Fig. 1.: Energy dispersive spectrum of lead chloride experimental sample.
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Fig. 2.: Energy dispersive spectrum of selenium experimental sample.

The EDS detector is not too susceptible for some elements like C, H, O, and N, of active substances. On the other hand, the excipients that added to the drug preparation form frequently contains other elements, In the current study, we found that chemical content of analyzed sample of the solutions surface did not show any additional elements, which may indicate some impurity of the prepared solutions with scanned area 100 µm2 [23].
For element impurities limit in parenteral drug products with 2L maximum daily volumes will calculate allowable concentrations from PDEs as mention in USP232, the element concentration must be convert to microgram (µg) to meet the daily uptake depend on analytical chemistry [24].
For above needed, chemical equation was selected to make the results reach limit value in pharmacopeia, firstly convert atomic percentage to part per million PPM (or PPB as required) as shown below:
1% = 1/100
1ppm = 1/1000000
So, one percent is equal to 10000 parts-per million:
1% = 10000ppm X(ppm) = 10000 ⋅ X(%)
Secondly convert atomic percentage to weight in gram (g) depend on Avogadro’s Number as shown below:
1 mole = 6.022x1023 (Avogadro’s Number)


X (g) = 𝑋 𝐴𝑡𝑜𝑚𝑠 x	1 𝑚𝑜𝑙𝑒 𝑋	x 𝑋 𝑚𝑎𝑠𝑠 𝑁𝑜.
1	𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜’s Number Atoms	1 𝑚𝑜𝑙𝑒 𝑋


Finally, table (3) show the compares between PDE and elements impurities concentration after calculate the microgram from above information to make below equation:
X (µg) = 𝑃𝑃𝑀 𝑥 𝑋 (𝑔)
1000

So, the final results for lead will be:
Lead (µg) =	0.1
6.022x1023
= 3.44 µg
And the final results for selenium will be:
Selenium (µg) =	1.7
6.022x1023
= 37.91 µg


x 207.2



x 78.96




Table 3.: element impurities for lead and selenium compare with PDE.

	Element
	Class
	Oral PDE
(µg/day)
	Parenteral
(µg/day)
	Inhalation
(µg/day)
	EDS results
(µg)

	Lead
	1
	5
	5
	5
	3.44

	Selenium
	2B
	150
	80
	130
	37.91




The EDS technique helps in analysis of elements impurities due to its presence in pharmaceutical products. Like this contamination may be affected the quality and safety of product or even to production suspension [25].
Einhäuser find the SEM-EDS, it is just surface analysis, and can detect a small area of sample that selected [26].
On the other hand, to have more accurate quantitative analysis the sample thickness should be less than 0.1µ to prevent the interference between the electron ability of penetration and the surface chemical processes that cause electrons to move [27].
On this paper we prepare standard specimen to be suitable for SEM-EDS technique stability and accuracy by use standard specimen for the calibration and standardization of SEM-EDS [28].
One of the EDS standardization technique for the qualitative analysis of elemental composition is the beam diameter range from 0.1 to 1 mm, while for quantitative analysis, 5 mm diameters will show satisfy results also the depth for electron penetration depends on the energy and density of the material, as well as working distance (WD) which must be set to about 10 mm, other factors like accelerating voltage, and beam current will depend on the technician experience [29].

Other studies found that chemical composition of analyzed sample by SEM-EDS of the tablet surface similar to the content of bulk powders for the same tablet [15].


Conclusion and recommendation:
The conclusion of this study is application of FESEM-EDS in US pharmacopeia and ICH /Q3D guideline to reach a high-precision and accurate method in element impurities analysis of drugs or bulk materials to determine the permitted daily exposure PDE in liquid or solid specimens, and to obtain better results than other techniques, by the way it does not require complex methods or chemicals for digestion, which interfere with the final results with the possibility of to keep the sample at any time for re analysis.
The recommendation is to use this technique in pharmacopeia as standard methods like inductively coupled plasma both ICP-AES, ICP-OES and ICP-MS.
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