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Abstract

Determination of the iron state in commercially manufactured iron containing vitamins and dietary supplements is important for evaluation
pharmaceuticals quality. &8sbauer (nuclear gamma-resonance) spectroscopy was used for analyzing the iron state in commercial pharmaceu
products containing ferrous fumarate (R&G0,), ferrous sulfate (FeSg, ferrous bisglycinate chelate (Ferrocheand ferrous iron (hydrolyzed
protein chelate). Mssbauer parameters and the iron states were determined for iron compounds in the studied pharmaceuticals. Various ferric
ferrous impurities were found in all of the commercial products. The quantities of ferric impurities exceeded the FDA limitation of 2% in product
containing ferrous fumarate. The quantities of ferric impurities exceeded 58% and 30% in products containing ferrous bisglycinate chelate :
ferrous iron (hydrolyzed protein chelate), respectively. The presence of ferrous and ferric impurities was not related to the ageing of the vitan
and dietary supplements. Two pharmaceutical products contained major iron compoundssshadér parameters of which did not correspond
to the ferrous fumarate or ferrous bisglycinate chelate claimed by the manufacturer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction rous iron compounds are more readily bioavailable than ferric
ones for oral iron containing supplemerji®,13] The toxic
Iron is one of the vitally important metals. Ironions are foundside effects of oral medicines were more severe with ferric
in the active sites in hemoglobin, myoglobin, cytochromes, catasalts because the absorption of ferric iron was relatively slower
lase and many other proteins that realize oxygen and electrahan ferrous based formulatiofts4]. In general, the quality of
transport and enzyme functions. Therefore, disorders of iroiron-containing pharmaceuticals may also depend on both the
metabolism are among the most common diseases of humankemical state of iron in the main iron compound and the pres-
[1]. Forinstance, iron deficiency causes anemia and other pathence of iron containing impurities. In accordance with the FDA
logical changes in the body, and anemia remains an importaméquirements (Food and Drugs, Sec. 172.350) ferrous fumarate
public health problenii2]. To prevent and treat iron deficiency, (FeG3H204), which is widely used in oral iron-containing vita-
some iron containing pharmaceutical products are used. Thesains and dietary supplements, should not contain more than
medicines may be oral iron containing vitamins and dietary sup2% of ferric iron. Hindustan Basic Drugs, one of the ferrous
plements[3-8] or injectable iron containing pharmaceuticals fumarate manufacturers, announced at their web[$8gthat
[9-11] The knowledge of the iron states in these products ipremium grade ferrous fumarate contained lower than 1% of
very important because the valence/spin state of iron may bierric compounds. The V.V. Turakhia & Group of Companies
related to the effect and toxicity of medicines. For instance, ferannounced the presence of 1.17% of ferric iron in their ferrous
fumaratq16]. Some other ferrous fumarate manufacturers, such
as Jost Chemicals and Kedia Chemicals Industries Ltd., indi-
* Corresponding author. cated at their web sitd47,18]that the presence of ferric iron
E-mail address: oshtrakh@mail.utnet.ru (M.1. Oshtrakh). was not higher than 2%. Thus, an analysis of the iron state, iron
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compounds and their quantities in iron containing medicines isitamins and dietary supplements containing ferrous fumarate,
useful for the quality control of these pharmaceuticals. ferrous sulfate and ferrous chelates are described.

Itis well known that Mdssbauer (nuclear gamma-resonance)
spectroscopy19-21] is the most sensitive technique for the 2. Materials and methods
analysis of iron state. Bssbauer spectroscopy permits the obser-
vation of the hyperfine splitting of the nuclear energy levels as Various industrial samples of multiple vitamins and dietary
well as changes of energies of the ground and excited statssipplements with iron in the form of ferrous fumarate, fer-
for Mdssbauer isotopes, for instanééke, in the absorption or  rous bisglycinate chelate (Ferrocfiétom Albion Laboratories,
emission spectrum of gamma-raysodébauer parameters iso- USA), ferrous iron (hydrolyzed protein chelate) and ferrous sul-
mer shift §) and quadrupole splittingEq) give information  fate listed iriTable Iwere studied. All studied vitamins contained
about the iron electronic structure, valence and spin state df8 mg of iron per tablet while dietary supplements contained
iron while absorption areas of subspectadive information 6 mg of iron (Nutrilite), 8.3 mg of iron (Your Lif8 Maximum
about relative content of various iron containing species in th@ak?), 27 mg of iron (Women’s Ultra Med®) and 50 mg of iron
sample. Myssbauer spectroscopy has been shown to be a usg~eosoP) per tablet. Samples were used as powder prepared
ful technique for various biomedical researches, in particularfrom about 1/2 of each product tablet. The effective thickness
for analysis of pharmaceutical products containingsbauer of the vitamin samples varied from 2 to 6 mg FefcrSam-
isotopeg22—25} ples of My Favorit® Multiple and Your Lifé® Maximum Pal

A number of studies of ferric iron—dextran and iron— contained 1000 and 200 mg of Ca, respectively, that led to the
polysaccharide complexes, which were developed or producedecrease of the absorption effect especially for My FavBrite
as medicines for the treatment of iron deficiency anemia, demorMultiple. The effective thickness of the Your LfeMaximum
strated the potential of Bsbauer spectroscopy to characterizePal® sample was about 2 mg Fe/énThe sample of FeosBl
the iron state, find the differences of the iron hyperfine paramwas prepared from small black granules containing ferrous sul-
eters and observe ferrous impurities in ferric pharmaceuticalfate extracted from the capsule of the product. The effective
[26—33] Ferrous iron containing medicines were also studiedhickness of the Feosblsample was about 7-8 mg Fe/&m
by Mdssbauer spectroscof4,25,34-36]and various ferrous Mossbauer spectra were measured with the constant accel-
and ferric impurities were found by &sbauer spectroscopy in eration computerized precision spectrometer that was a part of
medicines containing ferrous sulfate and ferrous fumdfiate  the multi-dimension parametric d4sbauer spectrometer SM-
(7-9% of ferric compounds in the samples containing ferrou2201 [37]. The noise of velocity signal of the spectrome-
fumarate were attributed to ferric fumarate). Approximately 8%ter was 1.5« 10~3mm/s, the drift of the zero point velocity
of ferric iron was also found in ferrous fumarate (Femitdh  was +2.6 x 10~3 mm/s, the non-linearity of the velocity sig-
in ref. [34] while two ferrous sulfates did not contain ferric nal was 0.01%, the harmonic distortion factor was 0.005%
impurities. These values of ferric impurities in ferrous fumaratefor the frequency band in the range 0-1120Hz. These char-
exceeded the FDA limit. However, there were no further studacteristics of the driving system indicate the high stability
ies of ferrous iron containing pharmaceuticals. Therefore, a newnd sensitivity of spectrometer. Vitamin spectra were measured
study of ferrous iron containing medicines for the control of ironover the periods from several hours to one day, depending on
state was beguf85,36] Here the results of a bssbauer spec- the absorption effect. There were no changes in the veloc-
troscopic study of the iron state and iron impurities in variousity resolution during all periods of spectral measurement. The

Table 1
Pharmaceutical products

Sample Manufacturer Expiry date Announced iron compound

One Daily Plus Iron Western Family Foods, Inc., USA 04.1992 Ferrous fumarateHiz€%)

Vita FrestP Vita-Fresh Vitamin Co., Inc., USA 09.1998 Ferrous fumarate (fF&0,)

My Favorité® Take OnéM Natrol, Inc., USA 12.2000 Ferrous fumarate (Re1504)

Centrun? Whitehall-Robins Healthcare, USA 03.2001 Ferrous fumarate{HgQ,)

Maximum One Daily Leiner Health Products, Inc., USA 04.2001 Ferrous fumarate KR€Xz)

Essential Balan&® Nature Made Nutritional Products, USA 08.2001 Ferrous fumarate4fgQ,)

Multiple Vitamins With IronI Walgreen Co., USA 07.2002 Ferrous fumarate (Fe£0,)

Multiple Vitamins With IronIL Walgreen Co., USA 01.2004 Ferrous fumarate (Fé£0,)

Daily-Vitamin With Iron Windmill™ Health Products, USA 11.2002 Ferrous fumarate (fF&©,)

Therapeutic M Walgreen Co., USA 02.2003 Ferrous fumarate {RgQ,)

Nutrilite Amway Corp., USA 04.2004 Ferrous fumarate (FEEO0,)

My Favorité® Multiple Natrol, Inc., USA 12.2000 Ferrous bisglycinate chelate (Ferréchel
from Albion Laboratories, USA)

Women'’s Ultra Meg& General Nutrition Corp., USA 10.2003 Iron (hydrolyzed protein chelate)

Your Life® Maximum Pal P. Leiner Nutritional Products, Inc., USA 03.1992 Ferrous sulfate (SO

FeosdP SmithKline Beecham Corporation, USA 11.1995 Ferrous sulfate (eSO
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line widths of the Mssbauer spectra of the standard absorbegriteriax?, were determined. The values of isomer shift are given

of sodium nitroprusside, measured for the control of specrelative toa-Fe at 295 K.

trometer velocity resolution and reproducibility, were in the

range of (0.247-0.254) 0.029 mm/s for all measurements. The 3. Results

(0.5-0.3)x 10° Bq °’Co(Cr) source was used at room tempera-

ture. Mossbauer spectra of outdated and fresh pharmaceutical
Mossbauer spectra of the vitamins and dietary supplementgoducts containing ferrous fumarate are showkigs. 1 and 2

were measured at room temperature in transmission geometrgspectively. These spectra were fitted with various quantities

with moving absorber. Measurements were made between 20@ components and better fitting was determined using lower

and 2004 to study fresh and outdated medicines. Samples g€ value and the physical sense of parameters. For instance,

Essential Balan& were measured twice in 2002 and 2004.values of x2 were 3.96 for one quadrupole doublet fit and

Mossbauer spectra of all of the samples were computer fittetl. 12 for two quadrupole doublets fit for the spectrum of Max-

with the least squares procedure using Lorentzian line shapamum One Daily Fig. 1d). The results of the better fitting

Mossbauer hyperfine parametessad AEg) as well as line  procedures are given ifiable 2 Mossbauer spectra of Vita

width I", subspectrum are$, absorption effect and statistical FrestP, Maximum One Daily, Centruffy One Daily Plus Iron,
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Fig. 1. Mdssbauer spectra of outdated vitamins containing ferrous fumarate: (a) One Daily Plus Iron, (b) Vita @dsly Favorité® Take OnéM, (d) Maximum
One Daily, (e) Centrum, (f) Essential Balafc€2002), (g) Essential Balan&2004) and (h) Daily-Vitamin With Iron. (1) Ferrous fumarate, (2) ferric impurity, (3)
unknown ferrous compound, (4) ferrous impurity and (5) ferric impufity.295 K.
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1, ferrous fumarate. The previousddsbauer study of medicines
—2 containing ferrous fumaratfl4] showed the same hyperfine
parameters for ferrous fumarate while a minor component
3l was approximated with singlet line related to ferric fumarate.
Mossbauer parameters for ferrous fumarate obtained if8rf.
61 also were the same as in r¢t4] but with a minor compo-
nent of the ferric compound (8%) that was approximated with
(@) quadrupole doublet. However, thedgsbauer hyperfine param-
I T 7 T Y STy eters for the ferric impurity obtained in rg¢84] (6 =0.37 mm/s
and AEg=0.88 mm/s) were significantly different than those
obtained for component 2 in the present study. It should be noted
that the values of” for ferric impurities were broader in some
cases, for instance, for samples of Centfyr®ne Daily Plus
Iron and Multiple Vitamins With Ironl. This fact may be a
result of the presence of more than one ferric compound or the
distribution of similar ferric compounds, however, the fit of the
Mossbauer spectra with more components was not successful.
S T s . o0 . e T T = The Mossbauer spectrum of Multiple Vitamin With Irdn
JE— (Fig. 2a) consisted of three components. Components 1 and
o 2 were the same as in the above mentioned vitamin spec-
tra. Mossbauer hyperfine parameters of the other minor com-
4t ponent 3 corresponded to the high spin ferrous compound
and differed from those of ferrous fumarate. However, the
8 Mossbauer spectrum of My FavofitéTake OnéM (Fig. 1c)
appeared to be different from other vitamin spectra. This spec-
'(C) trum consisted of three components. The minor component 4
Y S v DT — had Mdssbauer parameters that were close to ferrous fumarate
1 (AEq was the same within the experimental error while
was slightly higher). The major component 3 had3dbauer
parameters that corresponded to the unknown high spin fer-
rous compound with a loweAEq value than that of ferrous
fumarate. Another minor component 5 had hyperfine parameters
that corresponded to the high spin ferric compounds, however,
the AEq value was significantly higher whil&@ was signifi-
cantly lower than those of ferric compounds 2. Refitting of this
S Y S——y spectrum with other initial parameters showed some changes
VELOCITY., mm/s of the Mossbauer parameters for ferrous and ferric impu-
_ o N rities: §=1.17+0.014 mm/s,AEq=2.4014+0.014 mm/s and
i Sevem v O e . 5 e e, L= 0ATEE D014 i, ABq=0497::0.014 M, respec
IronIIand (d) Nutrilite. (1) Férrous fumarate, (2)’ferric impurity and (3) ferrous tively. Re'_atlve areas_ of spe(_:tral cpmponents were faImOSt the
impurity. 7= 295 K. same as imable 2while x? slightly increased (1.162 in com-
parison with 1.156 for results frofable 2. Both fits showed
the presence of the same quantitied (% and~6%) of high
Essential Balan@ (2002 and 2004), Nutrilite, Therapeutic M, spin ferrous and ferric impurities in the sample of My Favétite
Multiple Vitamins With IronII and Daily-Vitamin With Iron  Take OnéM. However, the Ndssbauer hyperfine parameters
contained a major component 1 with the same hyperfine paranebtained in the first fitting of the spectrum of My Favofite
eters, within the experimental error, that corresponded to th&ake OnéM given inTable 2for ferric compound 5, were close
high spin ferrous compound related to ferrous fumarate. Théo those obtained for the ferric impurity observed previously
first MOssbauer study of pure ferrous fumarate made 35 yeaf84] (6 =0.37 mm/s and\Eq = 0.88 mm/s). This uncertainty is
ago demonstrated parameters which wisrd .16+ 0.01 mm/s  aresult of the difficulties in fitting very weak peaks overlapping
and AEg=2.184+0.01 mm/g[38]. The next study of pure fer- with high intensity peaks in the spectrum.
rous fumarate (from ICN) showed parametérs1.24 mm/s Mossbauer spectra of outdated and fresh pharmaceutical
andAEg =2.20 mm/434]. These parameters were close to theproducts containing ferrous chelates are showkig 3. The
present results. The minor component 2 of spectra shown ihetter fit of these spectra showed the presence of three compo-
Figs. 1 and 2had slightly different hyperfine parameters that nents. Mdssbauer parameters with a better fit are givaiabie 3
corresponded to the high spin ferric compound. This componerithe major component 3 of the spectrum of My FavétiMul-
may be considered as an impurity or result of the oxidation ofiple had parameters that corresponded to the high spin ferric

EFFECT, %
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Table 2
Mossbauer parameters of pharmaceutical products containing ferrous fumarate measured at 295 K
Samples I (mm/s) § (mm/s) AEqg (mm/s) S (%) Compound
One Dalily Plus Iron 0.276& 0.029 1.191%0.014 2.2210.014 92.7 Ferrous fumarate
0.558+0.029 0.522:0.014 0.4770.014 7.3 Ferric high spin
Vita Fresi? 0.274+0.029 1.204£0.014 2.226:0.014 94.4 Ferrous fumarate
0.4744+0.029 0.648t0.014 0.403:0.014 5.6 Ferric high spin
My Favorité® Take OnéM 0.409+0.029 1.274£0.014 2.194:0.014 9.9 Ferrous high spin
0.248+0.029 1.215£0.014 1.75%0.014 84.1 Ferrous high spin
0.336+0.029 0.31720.014 0.818:0.014 6.0 Ferric high spin
Maximum One Daily 0.2810.029 1.195:0.014 2.226:0.014 95.8 Ferrous fumarate
0.365+0.029 0.700t 0.014 0.495+0.014 4.2 Ferric high spin
Centrun® 0.261+0.029 1.198:0.014 2.222-0.014 92.4 Ferrous fumarate
0.819+0.029 0.488t 0.014 0.526:0.014 7.6 Ferric high spin
Essential Balan&(2002) 0.258t 0.029 1.185:0.014 2.216t0.014 96.0 Ferrous fumarate
0.297+0.029 0.533:0.014 0.3510.014 4.0 Ferric high spin
Essential Balan& (2004) 0.268t 0.032 1.204:0.016 2.233t0.016 95.1 Ferrous fumarate
0.370+0.032 0.609+ 0.016 0.425:0.016 4.9 Ferric high spin
Daily-Vitamin With Iron 0.281+ 0.032 1.202:0.016 2.233:0.016 95.8 Ferrous fumarate
0.508+0.032 0.620£0.016 0.2710.016 4.2 Ferric high spin
Multiple Vitamins With Ironl 0.259+ 0.029 1.179:0.014 2.218-0.014 91.1 Ferrous fumarate
0.298+0.029 1.4540.014 2.435£0.014 2.9 Ferrous high spin
0.581+0.029 0.585:0.014 0.409:0.014 6.0 Ferric high spin
Therapeutic M 0.2640.029 1.183:0.014 2.219-0.014 95.3 Ferrous fumarate
0.405+ 0.029 0.586t 0.014 0.445+0.014 4.7 Ferric high spin
Multiple Vitamins With IronIL 0.280+0.032 1.205£0.016 2.23#0.016 96.4 Ferrous fumarate
0.414+0.032 0.6410.016 0.278:0.016 3.7 Ferric high spin
Nutrilite 0.268+0.032 1.206+0.016 2.235£0.016 97.6 Ferrous fumarate
0.238+0.032 0.583:0.016 0.237-0.016 24 Ferric high spin

o R
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051

EFFECT, %
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Fig. 3. Mossbhauer spectra of pharmaceutical products containing ferrou
chelates: (a) My Favorite Multipf and (b) Women’s Ultra Meda (1 and

-4.8

-3.2

6 0
VELOCITY, mm/s

+1.6

2) Ferrous compounds and (3) ferric compoufid.295 K.

+3.2

compound. Other components (1 and 2) had parameters that
corresponded to two different high spin ferrous compounds. The
major component 1 and the minor component 2 of the spectrum
of Women’s Ultra Meg& had Mbssbauer parameters that cor-
responded to the different high spin ferrous compounds while
Mossbauer parameters of the component 3 corresponded to the
high spin ferric compound. Unfortunately, there was no litera-
ture data on the Kissbauer study of pure Ferrochelnd iron
(hydrolyzed protein chelate).

Mossbauer spectra of outdated dietary supplements contain-
ing ferrous sulfate are shownkig. 4. These spectra were better
fitted using two components with parameters giveitable 4
Mossbauer parameters of the major component 1 in both spec-
tra corresponded to the high spin ferrous compound with the
same’ values within the experimental error and almost the same
AEq values. The minor components 2 had differeriidgbauer
parameters that corresponded to the high spin ferric compounds.
Earlier studies of medicines containing ferrous sulfEité]
showed the presence of three components: two high spin ferrous
compounds (56-65% of Feg@nd 25-36% of FeS£HL0)
and one high spin ferric compound (6—10% o0f2S0y)3).
Mossbauer hyperfine parameters of Fg8btained in ref[14]
were close to those of the major component of the spectra of Your
Pife® Maximum Pa and Feos® while Méssbauer parame-
ters of the minor ferric compound were different from those
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Table 3
Mossbauer parameters of pharmaceutical products containing ferrous chelates measured at 295K
Samples I (mm/s) 8 (mm/s) AEq (mm/s) S (%) Compound
My Favorité® Multiple 0.493+0.029 0.9570.014 2.234:0.014 28.0 Ferrous high spin
0.371+0.029 1.473:0.014 1.92G6:0.014 13.5 Ferrous high spin
0.559+0.029 0.387:0.014 0.656+ 0.014 58.5 Ferric high spin
Women’s Ultra Meg& 0.266+ 0.038 1.254+0.019 2.695:0.019 63.5 Ferrous high spin
0.255+0.038 0.975:0.019 2.388:0.019 5.3 Ferrous high spin
0.557+0.038 0.495t 0.019 0.7470.019 31.2 Ferric high spin
Table 4
Mossbauer parameters of dietary supplements containing ferrous sulfate measured at 295 K
Samples I (mm/s) § (mml/s) AEq (mm/s) S (%) Compound
Your Life® Maximum PaR 0.307+0.029 1.309:0.014 2.749%£0.014 96.0 Ferrous sulfate
0.459+0.029 0.500t0.014 0.5720.014 4.0 Ferric high spin
FeosoP 0.355+0.029 1.288:0.014 2.712£0.014 98.3 Ferrous sulfate
0.289+0.029 0.302£0.014 0.212£0.014 1.7 Ferric high spin

varied for ferric impurities except My FavorfteTake OnéM
(in case of the first fitting). The quantity of ferric impurities was
in the range 4.0-7.6% and did not depend on the age of the
outdated vitamins. The results of two measurements of the vita-
mins Essential Balan€ewith an expiry date of 1 year before the
first measurement were the same for ferrous fumarate while the
ferric impurity had slightly different parameters. These results
demonstrate the stability of ferrous fumarate over a long period
32 a6 0 w6 32 of time; however, the presence of the ferric impurity (that may
be a result of the manufacturing process) exceeded the FDA
0 [ limit. The sample of Multiple Vitamins With Irorl contained
an additional ferrous impurity. This small quantity of ferrous
5t impurity may also be a result of the manufacturing process,
but not product ageing. The quantity of the ferric impurity was
6.0% and exceeded the FDA limit.ddsbauer parameters for the
15 fresh vitamins were the same for ferrous fumarate. The quan-
(b) tity of ferric impurities in these samples was less than in other
1 T S Py vitamins and varied from 2.4% to 4.7%. However, these values
VELOCITY. mnv/s also exceeded the FDA limit. In contrast to other vitamins, the
sample of My Favorit8 Take OnéM contained a major fer-
Fig. 4._|\/Ibssbager spectra of dietary supplements containing ferrous sulfa‘te: @bus compound that was different from ferrous fumarate found
Your Life® Maximum Paf® and (b) Feos@l. (1) Ferrous sulfate and (2) ferric . ..
impurity. T= 295 K. in other samples. The measurement of thesbbager spectrum
of this sample was made a year after the expiry date. There-
fore, this ferrous compound cannot be considered as a result of
observedin Your Lif€ Maximum PaR and Feosdl. Moreover,  ageing.
the abundance of the ferric impurity in Your Lffevaximum The Mossbauer spectra of ferrous chelates demonstrated the
Pak® and Feosdl was found to be significantly lower than that presence of three different iron compounds. The sample of My
in the previous studfl4]. Mossbauer parameters of ferrous sul- Fgyorite® Multiple contained a major component related to an
fates (Eckerd and SmithKline Beecham Co.) studied previously,nknown ferric compound (58.5%) instead of the claimed fer-
[34] were close to our data, however, the authors related thesgys iron in the iron bisglycinate cheld&9]. This unusual fact
parameters to ferrous sulfate monohydrate. They did not finghay be the result of chemical transformation of the initial ferrous

EFFECT, %

any ferric impurities in these samples. bisglycinate chelate during vitamin preparation due to instabil-
ity of this compound because measurement was made a year
4. Discussion after expiry date. Moreover, the presence of two different minor

ferrous compounds may also be the result of instability of the
Mossbauer parameters for all outdated vitamins containinfgrrous bisglycinate chelate. Therefore, an additional study of
ferrous fumarate were the same for ferrous fumarate and slightlstability of the iron state in Ferroctfels required. The sample of
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Women's Ultra Megg contained a major ferrous compound that [10] J.C. Barton, E.H. Barton, L.F. Bertoli, C.H. Gothard, J.S. Sherrer, Am.
may be related to the iron (hydrolyzed protein chelate). However, _J- Méd. 109 (2000) 27-32.

. . 11] P. Mamula, D.A. Piccoli, S.N. Peck, J.E. Markowitz, R.N. Baldassano
the presence of 31.2% of ferric compound in the fresh sampl[e J. Pediatr. Gastroenterol. Nutr. 34 (2002) 286—290.

indicated the instability of iron (hydrolyzed protein chelate).12] r.8. Jeppsen, J.F. Borzelleca, Food Chem. Toxicol. 37 (1999) 723-731.
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rous sulfate in the form of the monohydrate in accordance t@7] http://www.jostchemical.com.

previous work[34] and only small quantities of ferric com- [18] http://www.kedia.com/FERROUSUMARATE_PDS.htm.

pounds in spite of the analysis being conducted a Iong perioHQ] P. ditlich, R. Link, A. Trautwein, Mbssbauer spectroscopy and tran-

. . L . sition metal chemistry, in: Inorganic Chemistry Concepts, vol. 3,
after the expiry date. This result indicates a high degree of sta- Springer-Verlag, Berlin, 1978,

bility of the ferrous sulfate in these dietary supplements. [20] A. Vertes, L. Korecz, K. Burger, Kissbauer Spectroscopy, Academia
Kiada, Budapest, 1979.
5. Conclusion [21] R.H. Herber (Ed.), Chemical bsbauer Spectroscopy, Plenum Press,

New York, 1984.
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