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Abstract.	 In	 this	 study,	 we	 investigate	 the	 capability	 of	 energy	 dispersive	 X-ray	 fluorescence	 spectrometry	 in	 a	
triaxial	 geometry	 apparatus	 as	 a	 fast	 and	 non-destructive	 determination	 method	 of	 both	 dominant	 and	
contaminant	 elements	 in	 pharmaceutical	 iron	 supplements.	 The	 following	 iron	 supplements	 brands	 with	 their	
respective	 active	 ingredients	 were	 analyzed:	 Neutrofer	 fólico	 (iron	 gylcinate),	 Anemifer	 (iron(II)	 sulfate	
monohydrate),	 Noripurum	 (iron(III)-hydroxide	 polymaltose	 complex),	 Sulferbel	 (iron(II)	 sulfate	 monohydrate)	
and	Combiron	Fólico	(carbonyl	iron).	Although	we	observe	a	good	agreement	between	the	iron	content	obtained	
by	 the	 present	 method	 and	 that	 indicated	 in	 the	 supplement’s	 prescribed	 dose,	 we	 observe	 contamination	 by	
manganese	and	nickel	of	up	to	180	μg	and	36	μg,	respectively.	These	contents	correspond	to	7.2%	and	14.4%	of	the	
permitted	daily	exposure	of	manganese	and	nickel,	respectively,	for	an	average	adult	individual	as	determined	by	
the	 European	 Medicine	 Agency	 (EMEA).	 The	 method	 was	 successfully	 validated	 against	 the	 concentrations	 of	
several	 certified	 reference	 materials	 of	 biological	 light	 matrices	 with	 similar	 concentrations	 of	 contaminants.	
Moreover,	we	also	validated	our	method	by	comparing	the	concentrations	with	those	obtained	with	the	inductively	
coupled	plasma-atomic	emission	technique.	

	

Introduction	
Iron	 is	 an	 essential	 nutrient	 for	 human	 beings	 and	 animals	 as	 it	 is	 present	 in	 all	 cells	 of	 the	 human	 body.	 The	
importance	 of	 iron	 is	 underlined	 by	 its	 existence	 in	 many	 proteins	 that	 regulate	 most	 human	 body	 functions.1	
These	 proteins	 are	 responsible	 for	 transporting	 oxygen	 to	 the	 tissues	 (hemoglobin),	 facilitating	 electron	
transportation	within	cells	(cytochromes),	promoting	oxygen	storage	in	muscles	(myoglobin)	and	regulating	most	
cell	internal	reactions	(enzymes).	Moreover,	iron	is	particularly	important	in	neuronal	and	immune	functions.2,3	

According	 to	 the	 World	 Health	 Organization,	 iron	 deficiency	 anemia	 is	 the	 most	 common	 form	 of	 nutritional	
anemia	throughout	the	world,	affecting	more	than	two	billion	people.4	Furthermore,	it	is	estimated	that	50%	of	all	
forms	of	anemia	are	due	to	iron	deficiency.	This	type	of	anemia	leads	to	slower	cognitive	and	motor	development,5	
causes	fatigue,6	and	when	occurring	during	pregnancy,	it	may	lead	to	underweight	babies	and	an	increased	chance	
of	perinatal	mortality.7	This	problem	is	most	prominent	in	developing	countries;	in	2013,	there	were	three	million	
neonatal	 and	maternal	 deaths,	 and	 this	 disease	 is	 one	 of	 the	most	 important	 causes	 of	 death	 in	 the	world.	 The	
World	 Health	 Organization	 estimates	 that	 the	 use	 of	 iron	 supplements	 would	 be	 enough	 to	 amend	 42%	 of	
children’s	anemia	and	50%	of	women’s	anemia.4	

Pharmaceutical	iron	supplements	thus	arise	as	a	solution	to	a	global	epidemic.	Various	pharmaceutical	compounds	
are	 used	 as	 iron	 supplements.	 The	most	 commonly	 used	 compounds	 are	 ferrous	 salts,	 such	 as	 iron	 (II)	 or	 (III)	
sulfate	 and	 iron	glycinate.	 Iron	 sulfate	 is	 a	particularly	 cheap	and	easily	manufactured	 compound	 that	 is	widely	
used	as	an	 iron	supplement.	However,	studies	have	shown	that	 ingestion	of	 this	 type	of	supplement	may	 lead	to	
increasing	gastrointestinal	tract	and	liver	toxicities8	as	well	as	other	side	effects.	

The	discussion	regarding	the	use	of	iron	supplements	is	motivated	by	the	fact	that	this	type	of	drug	is	sometimes	
not	 certified	 or	 controlled	 in	many	 countries.	 Its	 acquisition	 and	 commercialization	 for	 sale	 in	 pharmacies	 and	
other	drug	stores	is	not	supervised	or	subjected	to	quality	control.	For	example,	in	Brazil,	where	our	test	samples	
were	obtained,	 these	drugs	are	not	controlled	by	 the	national	organization	 for	pharmaceutical	 control,	ANVISA.9	
Contaminant	metal	elements	that	can	be	present	in	such	iron	supplements	can	be	of	concern	for	public	health	and	
can	even	degrade	the	active	ingredient.10		

Manganese	is	an	essential	and	toxic	element,	and	its	poisoning	affects	the	respiratory	tract	and	the	brain,	causing	
memory	loss	and	nerve	damage,11,12	As	an	essential	element,	its	deficiency	can	also	cause	health	problems,	as	it	is	
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both	 an	 activator	 and	 a	 constituent	 of	 several	 enzymes.13	 The	 Scientific	 Committee	 on	 Occupational	 Exposure	
Limits	suggests	a	lowest-observed-adverse-effect-level	limit	of	ingested	manganese	of	between	10	μg	to	40	μg	per	
kilogram	of	body	weight	per	day	based	on	animal	studies.14		

Nickel	 is	a	toxic	element,	and	several	studies	have	demonstrated	that	nickel	can	lead	to	an	increased	risk	of	 lung	
cancer,	 cardiovascular	 disease,	 neurological	 deficits,	 developmental	 deficits	 in	 childhood,	 and	 high	 blood	
pressure.15	Furthermore,	studies	have	shown	some	correlations	between	nickel	content	and	healthy	and	cancerous	
tissues	of	the	human	breast.16,17	

While	there	are	no	set	official	maximum	levels	of	nickel	 in	food	for	humans,	the	Council	Directive	98/83/EC	and	
the	 commission	 Directive	 2003/40/EC	 sets	 a	 maximum	 value	 of	 20	 μg/l	 in	 water	 intended	 for	 human	
consumption.18	Recently,	the	European	Food	Safety	Authority	suggested	that	the	maximum	daily-ingested	intake	of	
nickel	for	humans	should	be	2.8	μg	per	kilogram	of	body	weight	per	day.18	

Thus,	 it	 is	 important	 that	 these	nutrient	 supplements	 are	 subjected	 to	 a	 closer	 examination.	Metal	 impurities	 in	
pharmaceutical	 pills	 are	usually	 assessed	by	 the	pharmaceutical	 industry	 according	 to	 the	 standard	USP	<231>,	
which	consists	of	a	chemical	color	 test	with	a	sulfide	 ion	under	a	specific	protocol	and	preparation	conditions.19	
Very	 recently,	 the	United	States	Pharmacopeia	and	 the	National	Formulary	 replaced	 this	 traditional,	 century-old	
standard	 with	 the	 modern	 standards	 USP	 <232>	 (elemental	 impurities	 limits)20	 and	 USP	 <233>	 (elemental	
impurities	 procedures)21,	 which	 are	 based	 on	 modern	 and	 more	 accurate	 quantification	 techniques,	 such	 as	
inductively	 coupled	 plasma-mass	 spectrometry	 (ICP-MS)22-24	 or	 inductively	 coupled	 plasma-atomic	 (optical)	
emission	spectroscopy		(ICP-AES	or	ICP-OES)25,26.	Although	these	techniques	provide	excellent	limits	of	detection	
(part	per	billion),	the	sample	preparation	often	contains	chemical	treatment	and	digestion	that	renders	the	sample	
unsuitable	for	future	analysis.	Furthermore,	the	precise	determination	of	iron	(54Fe	and	57Fe)	content	with	ICP-MS	
can	also	be	challenging	due	to	the	spectral	interference	with	14N40Ar,	16O38Ar,	and	40Ar16O1H	22,	which	often	requires	
pressured	 cell	 collision	 techniques.27	 Other	 analytical	 techniques	 based	 on	 X-ray	 fluorescence	 have	 also	 been	
investigated	 as	portable	 alternatives	 to	 these	 inductive	plasma	 techniques,	 namely,	wavelength	dispersive	X-ray	
fluorescence	spectrometry,28	Energy	Dispersive	X-Ray	Fluorescence	(EDXRF)29-31	and	High-Energy	Polarized-Beam	
EDXRF.32	Compared	with	 ICP-based	techniques,	EDXRF	 instrumentation	 is	 less	expensive,	easier	 to	use	and	does	
not	require	the	destruction	of	the	sample.		

The	 aim	 of	 this	 study	 is	 to	 investigate	 the	 potential	 of	 the	 EDXRF	 technique	 in	 a	 triaxial	 geometry	 for	 fast	 and	
accurate	determination	of	both	the	dominant	and	contaminant	elements	in	iron	supplements.		

	

Materials	and	Methods	

	
Sample	description	and	preparation	
	

In	this	study,	we	examined	five	different	popular	iron	supplements	that	were	acquired	in	Brazil,	namely:	
Neutrofer	Fólico,	Anemifer,	Noripurum,	Sulferbel	and	Combiron	Fólico.	Table	1	contains	a	description	of	
these	iron	supplements	with	the	mass	of	the	active	iron	compound,	the	mass	of	elemental	iron	and	of	the	
pill,	and	the	concentration	of	elemental	iron.	
	



	

Table	1.	
Information	on	the	
iron	supplements	
used	in	this	work.		

	
	
	
	
	
	
	
	
	

	
	
	All	 of	 the	 pills	 tested	 were	 crushed,	 and	 the	 protective	 capsule	 was	 removed.	 The	 powder	 was	 then	
compressed	with	10	tons	of	pressure	into	pellets	2.0	cm	in	diameter	and	1	mm	in	thickness,	without	any	
chemical	 treatment.	For	each	brand	of	 iron	supplement,	 two	pellets	were	produced	 for	 further	analysis.	
The	pellets	were	glued	 to	a	mylar	 film	on	a	 sample	holder	and	exposed	directly	 to	X-rays	 for	elemental	
determination.	Two	replicates	were	made	for	each	sample.	
	
Experimental	setup	
	
The	EDXRF	spectrometer	employed	in	this	study	consists	of	a	commercial	X-ray	tube	(Philips,	PW	1140;	
100	kV,	80	mA)	paired	with	a	secondary	target	made	of	molybdenum.	This	EDXRF	setup	employs	a	Si(Li)	
detector	with	a	30	cm2	active	area	and	an	8	µm	beryllium	window	to	measure	the	characteristic	radiation	
emitted	by	the	elements	in	the	samples.	With	the	acquisition	system	of	a	Nucleus	PCA	card,	we	observed	
an	energy	resolution	of	135	eV	at	5.9	keV.	The	X-ray	source	was	operated	at	50	kV	and	20	mA.	The	energy	
spectrum	 of	 each	 pellet	 was	measured	 for	 15	minutes	 to	 acquire	 the	 necessary	 statistics	 of	 the	 concentrations	
detected.	
A	triaxial	geometry,	or	indirect	excitation,	was	employed	in	the	experimental	apparatus	of	the	X-ray	tube,	
secondary	 target	 and	 the	 detector.34	 This	 setup	 induces	 a	 strong	 suppression	 of	 background	 of	 the	
scattered	radiation	(Rayleigh	and	Compton	radiation)	coming	from	the	Bremsstrahlung	radiation	of	the	X-
ray	 tube.	 With	 this	 setup,	 the	 background	 consists	 of	 a	 nearly	 monochromatic	 source	 of	 radiation,	
addressed	 to	 the	𝐊𝛂  and	𝐊𝛃 fluorescence	 lines	 of	 molybdenum	 of	 17.4	 keV	 and	 19.6	 keV	 energies,	
respectively.	The	limits	of	detection	in	this	geometry	are	thus	much	lower	compared	with	common	planar	
geometries,	 which	 allow	 for	 not	 only	 the	 precise	 determination	 of	 dominant	 elements	 but	 also	 for	 the	
identification	of	and	even	quantification	of	the	trace	elements	present	in	the	material’s	matrix.	
	
	
Validation	of	the	analytical	method	
	
Absolute	quantification	of	the	various	elements	was	performed	with	the	fundamental	parameters	method.	
This	method	retrieves	 the	relative	concentration	of	each	element	present	 in	 the	sample	with	 the	help	of	
atomic	 quantities,	 e.g.,	 fluorescence	 yields	 or	 absorption	 cross-sections.35,36	 We	 validate	 the	 present	
method	 via	 two	 procedures;	 in	 the	 first,	 we	 compare	 the	 obtained	 concentrations	 with	 known	
concentrations	present	in	standard	reference	materials	of	organic-type	matrixes	(as	in	the	pill	excipients).	
Three	 reference	 materials,	 namely,	 dogfish	 muscle	 (NRRC-DORM-2),	 lobster	 hepatopancreas	 (NRCC-
TORT-2)	 and	 orchard	 leaves	 (NIST-SRM1571),	 were	 considered	 in	 the	 present	 study.	 These	 materials	
contain	 various	 light	 organic	 matrices	 with	 several	 concentrations	 of	 the	 elements	 of	 interest,	 ranging	

Iron	
supplement	 Compound	 Compound	

mass	(mg)	
Elemental	
iron	(mg)	

Pill	mass	
±10	(mg)	

Iron	concentration	
(µg/g)	

Neutrofer	
Fólico	

Iron	gylcinate	
(Fe(C!H!NO!)!)	+	

folic	acid	

150	 30	 540	 55556	

Anemifer	 Iron(II)	sulfate	
monohydrate	

(Fe(SO!) + H!O).	

190	 60	 340	 176471	

Noripurum	 Iron(III)-hydroxide	
polymaltose33	

330	 100	 720	 138889	

Sulferbel	 Iron(II)	sulfate	
monohydrate	

152	 50	 310	 161290	

Combiron	
Fólico	

Carbonyl	iron	 126	 120	 670	 179104	



from	K	to	Pb,	which	allows	for	the	assessment	of	the	present	method	for	different	concentration	regimes.	
Pellet	preparation	of	the	standard	reference	materials	followed	the	same	procedure	as	the	other	samples	
tested.	Table	2	lists	the	values	obtained	with	the	fundamental	parameters	method	as	well	as	the	certified	
values.	 Overall,	 the	 fundamental	 parameters	 method	 is	 able	 to	 retrieve	 the	 same	 concentrations	 of	
elements	as	the	certified	values,	within	the	uncertainty	level.	In	both	cases,	the	uncertainty	corresponds	to	
95%	confidence	limits	(i.e.,	 to	three	standard	deviations)	of	the	fitting	procedure.	The	limits	of	detection	
(LOD)	presented	in	Table	2	were	evaluated	according	to	
	
	 	

(1)	

	
		
where	𝐶!	is	the	concentration	of	the	element	i,	 Np 	represents	the	total	counts	for	the	corresponding	peak	
and	Nb 	represents	the	counts	of	the	background	under	the	peak.	
	
For	the	second	procedure,	we	employed	the	ICP-AES	technique	for	measuring	the	elemental	content	in	one	
sample	of	Anemifer.	The	sample	preparation	 followed	a	standard	chemical	digestion	procedure	with	2.5	
ml	 of	 hydrochloric	 acid	 (HCl,	 35%)	 and	 2.5	 ml	 of	 nitric	 acid	 (HNO3,	 69%)	 for	 100	 mg	 of	 sample.	 As	
described	 in	 the	next	section,	 the	samples	only	contained	contaminants	of	nickel	and	manganese	within	
the	LOD,	so	we	restricted	our	measurement	to	those	elements.	Table	3	shows	the	concentrations	obtained	
by	ICP-AES	and	by	our	method.	Notably,	for	heavy-iron	samples,	such	as	the	present	iron	supplements,	the	
inclusion	 of	 the	 iron	 mass	 attenuation	 coefficient	 is	 mandatory	 for	 our	 analytical	 method	 but	 is	 not	
required	for	the	light	organic	matrices.	
	
	
		
Table	2.	Elemental	concentration	(µg/g)	present	in	certified	standard	samples.	Values	are	listed	either	with	one	standard	deviation	(value±	standard	
deviation)	or	with	an	asterisk	(*),	meaning	that	the	value	was	obtained	by	non-certified	methods.	LOD	stands	for	limit	of	detection.	Three	standard	
reference	materials	with	light	organic	matrices	and	several	concentration	levels	were	considered,	namely,	dogfish	muscle	(NRRC-DORM-2),	lobster	
hepatopancreas	(NRCC-TORT-2)	and	orchard	leaves	(NIST-SRM1571).		

		 		 Certified	biological	material		

		 		 Dogfish	muscle	 Lobster	hepatopancreas	
	NRCC-TORT-2		

Orchard	leaves	

Element	 LOD	 NRRC-DORM-2		 NIST-SRM1571		

		 		 Certified	
value	

Present	
work	

Certified	value	 Present	work	 Certified	
value	

Present	work	

S	 100	 	 	 	 	 2300*	 	
K	 10	 	 	 	 	 14700±300	 15300±900	

Ca	 20	 	 	 	 	 20900±300	 21000±900	

Mn	 3	 3.66±	0.34	 4±	1	 13.6±	1.2	 13±	1	 91±4	 95±5	

Fe	 3	 142±	10	 143±	10	 105±	13	 102±	13	 300±20	 308±20	

Ni	 1	 19.4±	3.1	 17±	2	 2.50±	0.19	 2.9±	1.2	 1.1±0.6	 2±1	

Cu	 1	 2.34±	0.16	 3±	1	 106±	10	 101±	10	 12±1	 13±2	

Zn	 1	 25.6±	2.3	 24±	3	 180±	6	 180±	10	 25±3	 26±3	

As	 1	 18.0±	1.1	 19±	1	 21.6±	1.8	 22±	2	 14±2	 14±2	

Se	 0.8	 1.40±	0.09	 1.0±	0.7	 5.63±	0.67	 5±	1	 	 	
Br	 0.8	 	 	 	 	 10*	 10*	

Rb	 0.8	 	 	 	 	 	 	
Sr	 0.8	 	 	 45.2±	1.9	 	 37*	 36*	

Pb	 0.8	 0.1	 <LOD	 	 	 45±3	 44±4	

	
	
	

LOD = 3 Nb
Ci

Np



	
	
Table	3.	Elemental	concentrations	(μg/g)	of	manganese,	iron	and	nickel	in	Anemifer	measured	by	ICP-AES	and	those	obtained	with	our	analytical	method.	

	Element	 ICP-AES	
Present	
method	

Mn	 537±2	μg/g	 530±5	μg/g	

Fe	 18.4±0.1%	 18.3±0.8%	

Ni	 43.8±0.2	μg/g	 45±5	μg/g	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
Results	and	Discussion		
	
The	elemental	concentration	was	analyzed	for	each	of	the	ten	individual	pellets.	Two	of	the	x-ray	spectra	
obtained	 (Anemifer	 and	 Neutrofer	 Fólico)	 are	 shown	 in	 Figure	 1.	 An	 important	 characteristic	 of	 these	
spectra	 is	 that,	 due	 to	 the	 triaxial	 geometry,	 they	 manifest	 a	 very	 low	 background	 from	 the	 scattered	
radiation.	This	setup	allows	for	a	clearer	interpretation	of	the	fluorescent	lines	as	it	lowers	the	detection	
limit.	

	
	
As	 expected,	 both	 spectra	 reveal	 high	 peaks	 for	 the	K!  and K!  fluorescent	 lines	 of	 iron	 and	 the	
corresponding	 escape	peaks	 and	 sum	peaks.	 Few	elements,	 such	 as	 calcium	and	 sulfur,	 have	noticeable	
differences	 in	 the	 respective	 fluorescent	 lines	 between	 Anemifer	 and	 Neutrofer	 Fólico,	 which	 can	 be	
attributed	to	the	lack	of	these	elements	in	the	excipients	of	the	latter	iron	supplement.	Both	calcium	and	

Table	4.	Reference	and	measured	concentrations	of	the	iron	supplements	analyzed.	Values	for	iron	are	given	as	
percentages	and	in	units	of	µg/g	for	other	elements.	

Figure	1.	Two	measured	EDXRF	spectra	corresponding	to	an	Anemifer	sample	(black	solid	line)	and	a	Neutrofer	Fólico	sample	(red	dotted	
line).	The	counts	are	plotted	versus	the	detector	energy	in	units	of	keV.	



strontium	 are	 alkaline	 earth	 metal	 elements	 that	 justify	 the	 contamination	 of	 strontium	 in	 samples	

containing	 calcium.	 Furthermore,	 there	 is	 a	 lack	 of	 manganese	 in	 Neutrofer	 Fólico.	 Manganese	 can	 be	
considered	 an	 important	 contaminant	 for	 Anemifer	 but	 not	 for	 Neutrofer	 Fólico	 (below	 the	 detection	
limit),	and	nickel	is	present	in	both.	It	is	apparent	that	the	corresponding	peaks	of	nickel	and	manganese	
fluorescent	 lines	 overlap	 the	 iron	 peaks.	 This	 will	 not	 result	 in	 any	 discrepancy	 because	 the	 software	
discriminates	each	contribution	in	the	fitting	process.  
In	Table	4,	the	reference	and	measured	iron	concentrations	for	all	of	the	pills	are	shown.	In	addition,	we	
added	the	measured	concentrations	of	other	elements	to	this	discussion:	calcium,	sulfur,	nickel,	strontium	
and	manganese.	 Overall,	 we	 note	 the	 agreement	 for	 the	 iron	 content	 between	 the	 values	 obtained	 and	
those	 indicated	 in	 the	pill	prescription	 information.	While	calcium,	sulfur	and	strontium	are	expected	 in	
the	 excipients	 of	 some	 pills	 (exact	 quantities	 not	mentioned),	 no	 pharmaceutical	 prescription	mentions	
levels	of	nickel	and	manganese,	yet	our	measurements	reveal	them	to	be	within	the	detection	range.	The	
question	arises	if	pharmacies	and	doctors	are	aware	of	these	contaminants.		
	
Using	 data	 on	 the	 acceptable	 concentrations	 of	 metal	 contamination	 in	 medicinal	 products	 for	 human	
consumption	from	the	EMEA	(European	Medicines	Agency),37	we	have	established	that	the	PDE	(permitted	
daily	exposure)	for	manganese	and	nickel	is	2.5	mg/day	and	0.25	mg/day,	respectively.	This	information	is	
compiled	in	Table	5.	For	nickel,	we	measured	values	as	high	as	14.4%	of	the	PDE	in	Noripurum.	This	value	
might	be	especially	concerning	 for	patients,	who	depend	on	multiple	daily	 iron	supplement	pills,	as	 it	 is	
possible	 to	 reach	 toxic	 levels	 for	 the	 average	 daily	 exposure.	 Sulferbel	 shows	 the	 lowest	 percentage	 of	
nickel,	which	was	5%	of	the	PDE.	
Even	though	manganese	is	also	a	contaminant	in	these	pills,	 its	ratio	of	the	PDE	is	considerably	lower	in	
comparison	with	nickel.	Moreover,	manganese	is	an	important	nutrient	for	humans	and,	for	that	reason,	its	
role	as	a	contaminant	is	not	as	impactful.	The	highest	ratio	of	the	PDE	was	observed	for	Anemifer	at	7.2%.	
Neutrofer	Fólico	shows	the	best	results,	with	a	level	of	manganese	below	the	detection	limit.	
	
Conclusions	
	
We	have	applied	the	EDXRF	in	triaxial	geometry	technique	for	the	quantification	of	both	the	dominant	and	
contaminant	metal	elements.	Manganese	and	nickel	were	measured	as	 important	 contaminants	of	 these	
supplements	 even	 though	 the	 prescriptions	 do	 not	warn	 of	 their	 presence.	 Neutrofer	 Fólico	 is	 the	 only	
supplement	with	no	detectable	amount	of	manganese	and	the	lowest	amount	of	nickel.	The	present	results	
highlight	the	need	for	better	control	of	metal	impurities	in	iron	supplements.	
This	study	bases	its	approach	on	a	multi-element	analysis	of	the	samples.	Although	we	are	able	to	measure	
the	 concentrations	 of	 iron	 and	 other	 contaminants	 in	 these	 supplements	 with	 good	 precision,	 further	
studies	 on	 these	 compounds	 using	 other	 techniques	 might	 reveal	 additional	 interesting	 findings.	 For	
example,	 using	Raman	 spectroscopy,	we	would	be	 able	 to	 analyze	 the	molecular	 forms	of	 the	 inorganic	
compounds	with	nickel	and	manganese	and	further	access	its	potential	toxicities	to	humans.		
We	conclude	that	the	method	is	appropriate	for	pharmaceutical	purposes	as	it	circumvents	the	destruction	
of	 the	sample	associated	with	traditional	methods	and	has	LODs	for	contaminant	metals.	This	 technique	
allows	a	rapid	in-loco	analysis	of	a	wide	range	of	elements	simultaneously	and	thus	can	be	an	alternative	
analytical	technique	to	plasma-induced	coupling-based	techniques.	
	

		 Sulferbel	 Noripurum	 Combiron	Fólico	
Anemifer	 Neutrofer	Fólico	

	Element	 Reference	 Measured	 Reference	 Measured	 Reference	 Measured	 Reference	 Measured	 Reference	 Measured	

S	 -	 80000±3000	 -	 BDL	 -	 12000±5000	
-	 73000±8000	 -	 <LOD	

Ca	 -	 120±20	 -	 110±8	 -	 400±50	
-	 30000±2500	 -	 <LOD	

Mn	 -	 352±30	 -	 240±20	 -	 50±5	
-	 530±5	 -	 <LOD	

Fe	 16.1%	 15.4±0.6%	 13.9%	 14.9±0.7%	 18.3%	 17.9±0.8%	
17.9%	 18.3±0.8%	 5.6%	 6.0±0.6%	

Ni	 -	 41±4	 -	 50±5	 -	 51±20	
-	 45±5	 -	 45±6	

Sr	 -	 <LOD	 -	 <LOD	 -	 <LOD	
-	 65±3	 -	 <LOD	



This	method	would	 give	 pharmacies	 and	 pharmaceutical	 control	 institutes	 the	 opportunity	 to	 improve	
their	own	quality	control	and	to	consequently	prescribe	medication	for	which	the	accurate	composition	is	
known.	
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Table	5.	Comparison	between	measured	amounts	of	nickel	and	manganese	and	PDE.	

Iron	
supplement	

Ni	
measured	
(µg)	

Ni	ratio	
from	PDE	
(%)	

Mn	
measured	
(µg)	

Mn	ratio	
from	

PDE	(%)	
Sulferbel	 12±4	 5.0	 109±11	 4.3	
Noripurum	 					36±5	 						14.4	 					172±14	 						6.9	
Combiron	
Fólico	 34±2	 		13.7	 33±3	 1.3	

Anemifer	 15±2	 6.1	 180±20	 7.2	
Neutrofer	
Fólico	 24±1	 9.7	 <LOD		 -		
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