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INTRODUCTION
One of the biggest challenges in the pharmaceutical industry is determination of ele-
mental impurities in drugs. The most important goal is to obtain their qualitative and 
quantitative presence, considering the reasons that may explain their occurrence. The 
target molecules in this work are represented by some important opium alkaloids. Alka-
loids are naturally occurring organic nitrogen-containing bases with heterocyclic struc-
ture which are isolated from the opium poppy, also known as Papaver somniferum. 
Their final pharmaceutical formulations (tablets, syrups and injections) are intended for 
treatment of illnesses in children’s and adults and their detailed analysis in terms of el-
emental impurities is especially important.   
Therefore, the aim of this work was to develop simple and effective method for deter-
mination of elemental impurities in three types of related opium alkaloids: pholcodine 
monohydrate, codeine phosphate sesquihydrate and morphine (as hydrochloride and 
sulphate form) by using a common atomic spectroscopy technique by means of induc-
tively coupled plasma – optical emission spectroscopy (ICP-OES). 

MATERIALS AND METHODS

Materials

Microwave digestion method and sample preparation

ICP-OES method

Ultrapure water with a resistivity of 15 MΩ used in the validation was prepared by passing water 
through a Milli-Q Type Ultra-pure water system (EMD Millipore, Billerica, MA, USA); concentrated 
nitric acid (70%, v/v, trace metal grade) and hydrochloride acid (37%, v/v, trace metal grade), both 
purchased from Sigma Aldrich (St. Louis, MO, USA). Standard solutions for calibration and spike solu-
tions for recovery assessment were prepared by diluting commercially available Multi Analyte Cus-
tom Grade Solution (containing 24 elements according to ICH Q3D concentrations) purchased by In-
organic Ventures (Christiansburg, Virginia, USA) and test samples (three batches from each analyzed 
alkaloid) were provided from Alkaloid AD, Skopje, Republic of North Macedonia. 

EthosUP microwave digestion system employing SK-15 digestion vessels was used for sample di-
gestion. 0.55 g of each alkaloid mentioned above were carefully weighed into a microwave vessel 
followed by addition of 5 mL of ultrapure water; 3 mL nitric acid and 2 mL of hydrochloride acid. A 
microwave digestion program utilizes a two-step microwave program consisting of a 20 min ramp 
time to 210ºC with a hold time of 15 min on 210ºC at 1800 W power. Digested samples were trans-
ferred into 25 mL volumetric flasks and diluted to the final volume of 25 mL with ultrapure water.

The analysis was performed on Agilent 5100 ICP-OES VDV system coupled with Agilent SPS-4 au-
tosampler. The instrument parameters were the follows: RF power: 1.40 kW; Plasma Ar flow rate: 
14 L min-1; Auxiliary Ar flow rate: 1.0 L min-1; Pneumatic Nebulizer Ar flow rate: 0.70 L min-1; Pump 
speed: 12 rpm; Viewing mode: Axial; Number of replicates: 5; Background correction: Fitted.

•HCl •H2SO4•5H2O •H2O •H3PO4•1,5H2O

RESULTS AND DISCUSSION
Having in mind that these active pharmaceutical ingredients exhibit different type of 
formulation and whose daily intake is unspecified, the maximum permitted concen-
tration (µg/g) was calculated as per option 1 from the ICH Q3D guideline. The quan-
titative method was validated. System suitability was demonstrated with the micro-
wave digestion by obtaining clear and colorless samples and difference between two 
measurement of the standard less than 20%. Specificity was confirmed by presence of 
the signal from each element in the standard sample and its absence in the blank. By 
achieving correlation coefficient of more than 0.99 for each element of interest, the pa-
rameter linearity was obtained. Precision was proven by: system precision and method 
precision. Method accuracy was demonstrated by the recovery of a known amounts of 
the elements spiked into the substances, prior to digestion procedure and the spike re-
coveries were satisfactory between 70% and 150% for each element. Limit of detection 
(not more than 0.5 times from the concentration of the specification level) and limit of 
quantification (bellow the specification limit) were satisfied and performed using sig-
nal-to-background ratio and the relative standard deviation of the signal background. 
The results are given in the presented tables.
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CONCLUSION
The presented ICP-OES method covering the determination of 24 elements (Class 1; Class 
2a; Class 2b and Class 3) was successively validated following the ICH Q2(R1) directions. 
The method for the determination of elemental impurities in these active opiate alka-
loids has been shown to be selective and specific in order to qualify and quantify trace 
elements. This validated analytical method was tested on real samples of each opiate 
alkaloid. The developed method has proven that the 24 analyzed elements do not ex-
ceed 30% of the specific level, which means that each of the analyzed active ingredient 
is safe for admission in the final drug product. Furthermore, the same validated method 
can be used even in conditions of an altered synthesis of the alkaloids discussed.

Figure 1. Opiate alkaloids tested for the validated method:(from left to right) Morphine hydrochloride; 
Morphine sulfate pentahydrate; Pholcodine monohydrate; Codeine phosphate sesquihydrate 

Calibration curve (y = a + b•x)*
Element r2

Ag 0,99998
As 0,99049
Au 0,99998
Ba 0,99998
Cd 0,99987
Co 0,99998
Cr 0,99998
Cu 0,99996
Hg 0,99911
Ir 0,99991
Li 0,99996

Mo 0,99996
Ni 0,00076
Os 0,99968
Pb 0,99829
Pd 0,99998
Pt 0,99979
Rh 0,99958
Ru 0,99990
Sb 0,99997
Se 0,99998
Sn 0,00008
Tl 0,99987
V 0,99986

Element LOD
(µg/g)

LOQ
(µg/g)

Ag 0,105 0,348 
As 0,194 0,648 
Au 0,084 0,281 
Ba 0,220 0,734 
Cd 0,018 0,058 
Co 0,044 0,148 
Cr 3,647 12,155
Cu 0,252 0,839 
Hg 0,149 0,497 
Ir 0,225 0,749 
Li 0,614 2,047 

Mo 0,108 0,359 
Ni 0,112 0,375 
Os 0,325 1,083 
Pb 0,134 0,446 
Pd 0,033 0,110 
Pt 0,046 0,152 
Rh 0,239 0,798 
Ru 0,137 0,456 
Sb 0,272 0,908 
Se 0,071 0,236 
Sn 1,332 4,439 
Tl 0,043 0,144 
V 0,075 0,251 
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