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Abstract

An electrothermal atomic absorption spectrometric procedure for the determination of nickel in active pharmaceutical
ingredients was developed. Since the recoveries of nickel by the direct dissolution of samples in diluted nitric acid we-
re low and caused errors in the determination of Ni in pharmaceutical samples, different approaches for sample pre-
treatment were examined. It was found that the microwave digestion was the most suitable way for sample preparation.
Various combinations of digestion agents and different microwave conditions were tested. The combination of nitric
acid and hydrogen peroxide was found to be the most appropriate. The validity of the method was evaluated by recovery
studies of spiked samples and by the comparison of the results obtained by inductively coupled plasma mass spectrome-
try (ICP-MS). The recovery ranged from 87.5 to 104.0% and a good agreement was achieved between both methods.
The detection limit and the limit of quantification were 0.6 and 2.1 ug g™' respectively. The precision of the method was
confirmed by the determination of Ni in the spiked samples and was below 4%, expressed in terms of a relative standard
deviation. The method was applied to the determination of nickel in production samples of active pharmaceutical ingre-
dients and intermediates.

Keywords: Active pharmaceutical ingredients; electrothermal atomic absorption spectrometry; nickel; microwave dige-
stion; method validation

1. Introduction

In active pharmaceutical ingredients (APIs) nickel
may originate from different sources. It is widely used as
a catalyst in the steps of hydrogenation under the trade na-
me Raney-Ni, a nickel-aluminium alloy, composed of
about 85% of nickel and 15% of aluminium, it can also be
used as a metal reagent or it can derive from manufactu-
ring equipment and piping. Although nickel appears to be
an essential microelement in humans with estimated daily
requirements ranging from 5 to 50 ug' it can be also con-

sidered as a moderately toxic element. It is well known
that exposure to nickel compounds by inhalation can cau-
se carcinogenic and mutagenic effects, however there is
still no evidence that nickel compounds are carcinogenic
by the oral route. Moreover, nickel can cause allergic con-
tact dermatitis, particularly in women (possibly owing to
the wearing of nickel-containing earrings in pierced
ears).’

The levels of residual metal catalysts in active phar-
maceutical ingredients and excipients are recommended
by the Guideline issued by the EMEA (European Medici-
nes Agency) in February 2008." In accordance with this
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Guideline the limits for residual catalysts are set for active
pharmaceutical ingredients and excipients and should be
regularly monitored. Routine testing may be replaced by
skip testing if the catalyst is adequately removed. This
means that the levels of catalysts should be below 30% of
the limits set in the Guideline. According to this Guideline
the concentration of Ni in active pharmaceutical ingre-
dients should not exceed 25 ppm.

The concentration of nickel can be determined by
different instrumental approaches. The most commonly
used atomic spectrometric techniques are flame
(FAAS)*~ and electrothermal (ETAAS)®® atomic absorp-
tion spectrometry, inductively coupled plasma atomic
emission spectrometry (ICP-AES),’"'> X-ray florescence
spectrometry (XRF)!*!* and inductively coupled plasma
mass spectrometry (ICP-MS).!316 In addition to these
techniques, for routine purposes the procedures based on
molecular absorption spectrometry'’~'? and electrochemi-
cal techniques®*** are still in use. The most commonly
used methods for the determination of residual metals in
active pharmaceutical ingredients are FAAS,?
ETAAS*?7 and ICP-MS.?*7! There are several papers on
the determination of nickel by ETAAS in food*** and ve-
getable oils,** in waters® and in biological samples.*®*’
The limits for nickel in some raw materials for pharma-
ceutical applications are set in the European Pharmacopo-
eia (EP) and in the United States Pharmacopoeia (USP).
The recommended method for Ni determination is
ETAAS. However, there are only a few articles on the de-
termination of nickel by ICP-MS in active pharmaceutical
ingredients®® and final medicinal products.** Although
ICP-MS offers a better limit of detection and quantifica-
tion, the limitation of ICP-MS includes a high capital in-
vestment and operating costs, which makes it impractical
for routine quality control. ETAAS offers a lower limit of
detection than flame atomic absorption spectrometry, at a
lower cost than ICP-MS, it is flexible in the use of sol-
vents for sample treatment and simple to operate, howe-
ver, incorrect sample preparation might be a source of se-
vere systematic errors.

The goal of this work was to develop an ETAAS
method for the determination of nickel in active pharma-
ceutical ingredients, which would be useful for quality
control laboratories in the pharmaceutical industry. For
APIs, which were soluble in diluted nitric acid we tried to
develop a method without previous treatment of samples.
Thus, the direct preparation of samples was evaluated as
well as microwave digestion which is the most appropria-
te way for the reduction of the organic matrix and for
avoiding the losses of nickel due to the low solubility of
some forms of nickel in diluted nitric acid. Since there
are only few data in literature dealing with ETAAS deter-
mination of nickel in such samples, additional experi-
ments and investigations for the optimisation of micro-
wave digestion and ETAAS determination were neces-
sary.

2. Experimental
2. 1. Samples and Reagents

The samples used in this study were active pharma-
ceutical ingredients and intermediates obtained from LEK
pharmaceuticals and from external suppliers. Compound
1 was lisinopril, an angiotensin converting enzyme inhibi-
tor and compound 2, tamsulosine hydrochloride, a selecti-
ve alpha blocker. In the production of both substances nic-
kel as catalyst was used.

All solutions were prepared using deionised water
from a Milli—-Q system (Millipore, Bedford, MA, USA).

For microwave digestion suprapur nitric acid of
65% (Merck, Darmstadt, Germany) and hydrogen peroxi-
de of 30% (Merck, Darmstadt, Germany) were used.

The Ni working standard solutions were prepared
from a standard stock solution (1000 mg L' Merck,
Darmstadt, Germany).

The magnesium nitrate modifier solution (10.0 g
L") was prepared by dissolving magnesium nitrate he-
xahydrate (Merck, Darmstadt, Germany) — suprapur grade
(1.728 g Mg(NO,), x 6H,0/100 mL) in Milli-Q water. The
palladium matrix modifier solution (5 mg Pd** mL™") was
prepared by the dilution PA(NO,), (Merck, Darmstadt,
Germany) of a stock solution (c(Pd**) = 10.0 £ 0.2 g L™")
with Milli-Q water in a 10 mL volumetric flask. Hydroxy-
lamine hydrochloride and ascorbic acid solutions were
prepared by dissolving 15.0 g of hydroxylamine hydroch-
loride (Merck, Darmstadt, Germany; analytical reagent
grade) or ascorbic acid (Riedel-de Haén; analytical rea-
gent grade) in 100 mL of Milli-Q water.

2. 2. Apparatus

Atomic absorption measurements were carried out
by a Varian SpectrAA 280 Z atomic absorption spectro-
meter equipped with a GTA graphite furnace, PSD 120
auto-sampler, Zeeman background correction and a Ni
hollow cathode lamp as a radiation source with a current
of 4.0 mA. The main analytical line at 232.0 nm was used
for all determinations with a spectral bandwidth of 0.2
nm. Argon was used as the inert transport gas for all
analyses. Integrated absorbance (peak area) was used exc-
lusively for signal evaluation and qualification. Measure-
ments were performed by using pyrolytically coated grap-
hite tubes with L’ vov platform and the sample volume
was 20 pL.

The optimised graphite furnace temperature pro-
gramme is given in Table 1.

For the sample digestion, a CEM (Model Mars 5)
microwave oven with 100 mL polytetrafluoroethylene
(PTFE) vessels was used. The microwave oven was equip-
ped with temperature and pressure sensors.

The concentration of total organic carbon in samples
was measured with a Total Organic Analyser — Teledyne
Tekmar Phoenix 8000.

Bubnic et al.: Determination of Nickel in Active Pharmaceutical ...



Acta Chim. Slov. 2010, 57, 37-44

An Agilent 4500 inductively coupled plasma mass
spectrometer was used for ICP-MS measurements.

Table 1. Graphite furnace temperature programme for the determi-
nation of Ni

Step Temperature Ramp (s) Hold (s) Air flow rate

(°O) (mL min™)

1 40-95 30 - 0.3
2 95-120 35 - 0.3
3 120-200 50 - 0.3
4 200-300 30 - 0.3
5 300-1200 12 27 0.3
6 1200-2400 0.6 3 0

7 2400-2600 3 - 0

8 2600-2850 2 - 0.3

2. 3. Procedures

Approximately 0.1 g of sample was weighed into a
100 mL PTFE vessel, dissolved in the mixture of 9 mL of
65% nitric acid and 2 mL of 30% hydrogen peroxide, clo-
sed and placed in the microwave oven. A three step micro-
wave programme was applied; first step, heating from
room temperature to 120 °C for 10 min and waiting at this
temperature for 5 min; second step, heating from 120 °C
to 180 °C for 10 min and holding for 10 min; third step,
heating from 180 °C to 200 °C for 10 min and waiting for
30 min. For complete digestion the programme should be
run 2 times. After the digestion the samples were transfer-
red to 25 mL volumetric flask and diluted with Milli — Q
water. The blank and the working standards for calibration
were prepared in the same concentration of nitric acid as
the sample.

3. Results and Discussion

Sample preparation is supposed to be the most im-
portant step for metal determination by atomic spectros-
copic methods.* In atomic absorption spectrometry very
often the direct dissolution in a proper solvent can be ap-
plied, however, for samples containing higher amounts of
organic matter the digestion using different oxidizing
agents is necessary. Classical wet digestion of organic
compounds requires high volumes of reagents, which can
contribute to higher blank values and may also be the
source of undesirable matrix effects in the measuring step.
Therefore, microwave assisted procedures for sample pre-
paration are commonly preferred.*!

The compounds evaluated in this study were soluble
in diluted nitric acid (tamsulosine hydrochloride in con-
centrations above 10%, and lisinopril in 0.1% acid),
which is also the recommended medium for ETAAS
analyses. Therefore, the direct ETAAS nickel determina-
tion using dissolution of samples in diluted nitric acid was

investigated. Approximately 0.1 g of the sample was dis-
solved in 9 mL of 65% nitric acid, diluted to 25 mL with
Milli-Q water and measured according to the programme
in the Table 1. To check the efficiency of the procedure the
samples were spiked with a standard solution of nickel (0,
10, 20, 40, 60, 80 ug L', which corresponded to 0, 2.5, 5,
10, 15 and 20 and pg g' in the solid sample). The obtai-
ned results were not satisfactory, since low recoveries for
spiked samples of compound 2 (Table 2) were determined
in most cases (the recoveries were below 81.2%). For this
reason in the continuation of our work the microwave de-
composition procedure for sample preparation was stu-
died.

To obtain complete digestion of pharmaceutical
compounds, extremely rigorous microwave conditions
(longer times and a temperature over 200 °C) should be
applied when 65% nitric acid is used. The digestion effi-
ciency can be improved using aqua regia, however, becau-
se of its oxidative nature and possible damage to labora-
tory equipment it cannot be recommended for routine ap-
plications. The mixture of nitric acid (65%) and hydrogen
peroxide (30%) was therefore tested and it was found, that
under the conditions given in 2.3. it gave satisfactory re-
sults. Moreover, the decomposition efficiency was sub-
stantially improved if the digestion programme was re-
peated. Under such conditions the sample quantity could
range from 50 to 200 mg when the volume of 65% nitric
acid and 30% hydrogen peroxide was 9 mL and 2 mL res-
pectively. At such conditions the residual organic carbon
content (TOC) in the digested residues for compound 1
was below 20% and for compound 2 below 4%. If the
quantities of the sample were above 200 mg, the digestion
was not satisfactory resulting in the formation of a preci-
pitate after the dilution of samples with Milli-Q water.

For the resulting matrix solutions, pyrolysis and ato-
misation temperatures were optimized using a standard
solution of nickel (10 ug L") prepared in the same con-
centration of nitric acid as the sample and the samples spi-
ked with 10 or 20 pg L™" of Ni (compound 2, compound 1
respectively). The spiked samples were prepared under
the conditions given in 2.3 Temperatures over the range of
600-1700 °C were tested at a constant atomisation tempe-
rature of 2400 °C. As shown in Fig. 1, no significant chan-
ge in nickel absorption was observed within the tempera-
ture range from 900 to 1200 °C for the standard solution
of nickel as well as for the spiked samples. Pyrolysis tem-
peratures above 1200 °C resulted in losses of Ni. Based on
these considerations, the pyrolysis temperature was fixed
at 1200 °C to ensure maximum matrix removal without
signal loss.

The atomisation temperature of nickel was studied
over the range of 2000-2600 °C at a constant pyrolysis
temperature of 1200 °C. Within this range, the atomic ab-
sorption signal increased with the increasing atomisation
temperature and reached a plateau at 2500 °C (Fig. 1).
Although the sensitivity could be slightly improved with a
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higher atomisation temperature, it was set at 2400 °C to
prolong the lifespan of the graphite furnace tubes. Owing
to the higher amount of organic matrix in compound 1,
two steps in the phase of pyrolysis were proposed, at the
temperatures of about 250 °C and 1200 °C respectively.
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Figure 1. Pyrolisis and atomisation curves obtained with the stan-
dard solution of nickel: 10 pg L™' (—O—), compound 2 spiked
with 10 pg L™ of Ni (—o—) and compound 1 spiked with 20 pg
L' of Ni (—x—).

The matrix effects were minimized by matching the
concentration of nitric acid in a solution of calibration
blank and standards, with the sample. Using the t-test (at a
confidence level of 95%) it was proved that hydrogen pe-
roxide did not significantly influence the measuring sig-
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Figure 2. Calibration curves obtained by the standard addition met-
hod (—0O—) and direct calibration (—x—). Slopes and intercepts
were determined from linear regression analysis. Each point is the
mean of five determinations.

nals and that there is no significant difference in the slopes
of calibration curves using standard solutions prepared in
HNO, or when standard addition method is applied (Fig.
2). For routine measurements the direct calibration met-
hod with standards and blanks in the same concentration
of nitric acid as the sample can be applied.

The results presented in Tables 2 show that the reco-
veries obtained by the direct dissolution of samples in dilu-
ted nitric acid are lower than those obtained by microwave
digestion. It is evident that using direct dissolution, only
Ni, which was added to the sample, was determined. In
compound 1, the quantities of nickel found by direct disso-
Iution and microwave digestion were comparable, since in
this sample the quantity of Ni was below the limit of quan-
tification and only spiked nickel was determined. When
the direct dissolution of compound 2 was applied, the
quantity of Ni was below the LOQ regardless of the con-
centration of nitric acid (it ranged between 10 and 65%).
Also the use of the mixture of nitric acid and hydrogen pe-
roxide as an oxidizing agent (the samples were dissolved
in 9 mL of 65% nitric acid and in 3 mL of 30% of hydro-
gen peroxide and diluted to 25 mL with Milli-Q water) did
not provide an improvement in the recovery of nickel. The
application of other mineral acids (e.g. hydrochloric acid
or phosphoric acid) was limited because of low solubility
of pharmaceutical compounds 1 and 2 in mineral acids.

Table 2. Ni recoveries in compounds 1 and 2 after microwave
digestion (the microwave procedure is described in 2.3.) and
direct dissolution in nitric acid

Nifound; Recovery Nifound; Recovery
Ni added microwave microwave  direct direct
(ug g™ digestion  digestion dissolution dissolution
(ngg™ (%) (nggh (%)
0* <LOQ / <LOQ /
2.5% 2.5 100.0 22 88.0
5% 52 104.0 5.0 100.0
10* 10.3 103.0 10.1 101.0
15% 153 102.0 14.2 94.7
20%* 19.7 98.5 18.0 90.0
Ok 5.5 100.0 <LOQ /
2.5%% 7.8 97.5 3.4 42.5
Sk 9.6 914 6.5 61.9
107%* 14.9 96.1 11.8 76.1
5% 19.0 92.7 16.1 78.5
207 22.3 87.5 20.7 81.2

* compound 1, ** compound 2

The content of Ni in compound 1 was below the LOQ (LOQ = 2.1
pg g7 and in compound 2 5.5 pg ¢!, The results are the mean of
three determinations.

The low nickel recoveries in samples prepared with
direct dissolution can be explained by the low solubility of
different forms of nickel in solvents used for dissolution
or by the existence of volatile Ni organic-compounds,
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which could be lost in the phase of thermal treatment of
the sample in the graphite tube. To improve the recoveries
different chemical modifiers were tested. Magnesium ni-
trate and palladium were chosen, since they are the most
commonly applied modifiers for nickel determination.
Magnesium nitrate*? enables the oxidation of organic ma-
trix and therefore lowers the non-specific background ab-
sorption. The masses of Mg(NO,), between 20 and 60 pg
were studied. The modifier was pre-injected in the graphi-
te tube or it was mixed together with the sample. Howe-
ver, magnesium nitrate independent of its amount or way
of adding to the sample, had no effect on nickel levels.
Palladium® ¢ was investigated next. The quantities ran-
ged between 20 and 80 ug. It was combined together with
ascorbic acid or hydroxylamine hydrochloride (2.5 mL of
hydroxylamine hydrochloride or ascorbic acid solution
were added to 25 mL of sample) or it was pre-injected in
the graphite tube and heated to 270 °C. It was found that
the use of Pd didn’t improve the recoveries of nickel. It
should be mentioned that the use of the modifiers mentio-
ned above contributed to higher background absorption,
and therefore in further studies only nitric acid as a matrix
modifier was used.

Even though the direct dissolution is not an appro-
priate way for sample preparation in the determination of
nickel in active pharmaceutical ingredients, the applica-
tion of microwave digestion of samples described in this
paper in comparison to classical dry digestion (e.g. the
ETAAS determination of Ni in raw materials described in
European or United States Pharmacopoeia) or wet dige-
stion*’*3 is user friendly, especially with regards to time
consumption and possible contamination of samples. Des-
pite several chemical modifiers being available for the de-
termination of Ni,*** it was successfully determined wit-
hout modifiers, which contribute to a simple and cheaper
method appropriate for routine use in control laboratories.

3. 1. Method Validation

Limit of detection and quantification

The limit of detection (LOD) for nickel was estima-
ted by analysing 10 replicate aliquots of calibration
blanks, after the microwave digestion. The LOD was cal-
culated on the basis of 3 x the standard deviation of the
blank divided by the slope of the calibration curve®' and
the LOQ as 10 x the standard deviation of the blank. The
resulting LOD and LOQ for Ni were 2.5 ug L™' and 8.4 pg
L' respectively. In the solid sample this corresponded to
0.6 ug g' and 2.1 pug g ' respectively.

Linearity of the method

The linearity of the method was studied by measu-
ring a series of Ni standards prepared at concentrations of
10, 20, 40, 60, 80 and 100 ug L' (which corresponded to
2.5, 5, 10, 15, 20 and 25 pg g in the solid sample) in

0.1% nitric acid and ensuring that the correlation coeffi-
cient of the calibration curve was better than 0.995. The
standards were analysed as samples and 0.1% nitric acid
was chosen because it was suggested as being the most
suitable solvent for the ETAAS determination of nickel.
Measurements at each concentration level were carried
out in triplicates. The linear relationship between the inte-
grated absorbance and concentration of Ni was observed
in the range from 2.5 to 25 ug g™! with correlation coeffi-
cient 0.9997. The linearity of the range was confirmed by
analysing the spiked compound 1 with the standard addi-
tion of nickel at concentrations of 10, 20, 40, 60, 80 and
100 pg L' (which corresponded to 2.5, 5, 10, 15, 20 and
25 ug g”'in the solid sample). The spiked samples were
analysed in triplicate after the microwave digestion. The
results demonstrated the linearity of the instrumental res-
ponse over the concentration range from 2.5 to 25 pg g~
nickel in the solid sample with correlation coefficient
0.9995.

Accuracy of the method

Since there were no relevant standard reference
materials available, the accuracy of the method was eva-
luated by recoveries of known amounts of Ni spiked
(prior the microwave digestion of samples was perfor-
med) into compounds 1 and 2. The samples were spiked
at levels from 2.5 ug g”! over the entire concentration
range up to the upper concentration level (the spiked le-
vels of Ni were: 2.5, 5, 10, 15, 20 and for compound 1
also 25 ug g™'). Table 3 summarises the recovery results
for various samples. The spiked recoveries based on the
average of triplicate measurements ranged from 87.5 to
104.0%.

The accuracy of the method was confirmed by the
ICP-MS determination of Ni in the compounds 1 and 2.
The results obtained by ETAAS were in agreement with
those obtained by ICP-MS (Table 4).

Table 3. Recovery study

Expected level of Ni (ug g!)  Ni found + SD Recovery
compound 2 and 1* (ngg™) (%)
8 78+04 97.5
10.5 9.6x04 91.4
15.5 149 +0.5 96.1
20.5 19.0+2.0 92.7
25.5 22.3+0,6 87.5
2.5% 25+0.1 100.0
5% 52+02 104.0
10* 103+0.4 103.0
15% 153+0.2 102.0
20% 19.7+0.3 98.5
25°% 245+0.3 98.0

The content of Ni in compound 2 was 5.5 pg ¢”' and in compound 1
below the LOQ (LOQ = 2.1 pg g'). The results are the mean of
three determinations.
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Table 4. The content of Ni in compounds 1 and 2 determined by concentration of Ni in the starting material was below the
ETAAS and ICP-MS . . . .
LOQ, it was most likely that the manufacturing equip-
Sample ETAAS ICP-MS ment and piping was the source of nickel in this mate-
Ni+SD (ug g™ Ni+SD (ug g™ rial 5233

compound 1 <LOQ <LOQ
compound 2 5505 52+05

LOQ=2.1pgg"
The results are the mean of two determinations.

Precision of the method

The precision of the method was evaluated by the
repeated determination of Ni in compound 1, spiked with
10, 40 and 100 ug L' Ni (this corresponded to 2.5, 10 and
25 ug g™ Ni in the solid sample) prior the microwave di-
gestion was performed. Precision experiments at each spi-
ked level were replicated six times. The level of precision
was expressed in terms of the standard deviation (SD) and
the relative standard deviation (RSD). The results summa-
rised in Table 5 present a good level of precision with
RSD below 4%.

Table 5. Precision study (compound 1)

Replicate Spiked 2.5 Spiked 10 Spiked 25
ngg' Ni ngg' Ni ng g’ Ni

1 2.6 10.0 24.8

2 2.5 10.2 24.2

3 2,5 10.7 24.5

4 2.4 10.7 25.6

5 2.4 10.7 25.3

6 2.5 11.0 25.6

Mean 2.5 10.6 25.0

SD 0.1 0.4 0.6

RSD 3.0 3.5 2.4

3. 2. Application of the Method
on Production Samples

The described method was used for the determina-
tion of nickel in the samples of tamsulosine hydrochlori-
de and lisinopril. The assay of nickel in lisinopril was be-
low the LOQ as well as in tamsulosine hydrochloride
which was obtained from an external supplier. In the sub-
stance, which was produced by LEK, the levels of nickel
were above the LOQ, but still below the maximal allowed
limit 25 ppm!', which was set for active pharmaceutical
ingredients. Additionally, the intermediate from the pre-
vious step in the synthesis of lisinopril and the starting
material for tamsulosine hydrochloride (in the production
of this starting material which was obtained from an ex-
ternal supplier, nickel as a catalyst was used) were also
analysed. The assay of nickel in both samples was below
the LOQ (Table 6). Since in the production of tamsulosi-
ne hydrochloride in LEK no nickel was used and also the

Table 6. Results on the nickel content in different samples

Sample Ni content = SD (ug g™)
Lisinopril

— sample 1 <LOQ
— sample 2 <LOQ
tamsulosine hydrochloride

—sample 1 5509
— sample 2 82+0.2
tamsulosine hydrochloride

(external supplier) <LOQ
intermediate1 <LOQ
starting material <LOQ

LOQ=2.1pgg"
The results are the mean of three determinations

4. Conclusion

The developed method based on the microwave di-
gestion of the sample and the ETAAS quantification of
nickel is a simple, accurate and precise procedure for nic-
kel determination in active pharmaceutical ingredients.
The method is, due to its simplicity and relative low costs
in comparison to ICP-MS suitable for quality control la-
boratories in the pharmaceutical industry. The LOD and
LOQ are 0.6 and 2.1 ug g~ respectively and are well be-
low the specification limit, which is set at 25 pg g™ for
nickel in active pharmaceutical ingredients (oral exposu-
re)'. The assay of nickel in all the samples analysed by the
described method was below the specification limit.
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Povzetek

Razvili smo metodo za dolocanje sledov niklja v farmacevtskih u¢inkovinah na osnovi elektrotermi¢ne atomske absorp-
cijske spektrometrije. Ker so bile spojine, v katerih smo dolocali sledove niklja, topne v dusikovi (V) kislini, smo upo-
rabili direkten pristop, t.j. raztapljanje vzorcev v dusikovi (V) kislini. V tem primeru so bili izkoristki nizki in niti upo-
raba razli¢nih kemijskih modifikatorjev ni prispevala k pravilnejsim rezultatom. V nadaljevanju smo preizkusili razli¢-
ne vrste razklopov; klasi¢ne razklope in razklope z mikrovalovi. Izkazalo se je, da je za farmacevtske uéinkovine, ki
vsebujejo visoke koncentracije organskega ogljika in je njihov razklop tezaven, najprimernejsi nacin za pripravo mikro-
valovni razklop v kombinaciji dusikove (V) kisline in vodikovega peroksida. Dolo¢ili smo optimalne pogoje razkroja in
atomizacije.

Z metodo masne spektrometrije v induktivno sklopljeni plazmi (ICP — MS) in standardnega dodatka smo potrdili toc-
nost metode (izkoristki znasajo med 87.5 in 104.0 %), v okviru validacije pa Se natancnost (relativni standardni odmik
je pod 4 %), spodnjo mejo zaznavnosti (0.6 u ™) in dolocljivosti (2.1 u g™') ter linearnost obmodja (med 2.5 in 25 p g™).
Novo metodo smo uspesno uporabili za dolo¢anje vsebnosti niklja v realnih vzorcih farmacevtskih uc¢inkovin in inter-
mediatov.
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