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Knowledge of metal content from wines is crucial for winemakers and consumers, as well. With respect to
quality and safety of wine, because of nutritional value or toxicological effects of metals in wine, analysis of
metals present a particular interest. The aim of the present research was to evaluate the content of mobile
iron from vineyard soil, total iron from grapes and wines from Tohani area, Romania. Other objectives were
to correlate the mobile iron content with soil pH values, active CaCO3 and to study the influence of crop year
and variety on iron content from grapes and wines (Feteascã Albã, Riesling Italian, Sauvignon Blanc,
Tãmâioasã Româneascã, Busuioacã de Bohotin and Feteascã Neagrã). All wine samples contain iron at
levels much lower than concentrations that would produce undesirable effects on wine quality (cloudiness,
color change), the highest value being found for rosé wine Busuioacã de Bohotin (2.642 mg/L).
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Wine has been produced by people from ancient times
and even today it is not clear in which part of the world it
was produced for the first time [1]. Nowadays, wine
occupies an important place in many cultures and is a
beverage commonly consumed worldwide being an
important source of minerals for humans.

Wine composition is varied and depends by soil
characteristics, phytosanitary treatments, wine-making
techniques, fraudulent addition of forbidden chemicals,
preservation and bottling [2]. Notwithstanding, some
species are always found in wine: water, alcohols (ethanol,
methanol, glycerol, 2,3-buthanediol), organic acids
(tartaric, malic, citric, succinic, mucic),  esthers (ethyl
acetate), aldehydes (ethanal and traces of propanal,
hexanal), ketones, sugars (glucose, galactose, fructose,
trehalose), pectic substances, aminoacids, flavonoids,
anthocyanins, tannins, terpene compounds, bioamines,
vitamins, inorganic anions and cations [2-4].

The concentrations of metallic ions in wine have a great
importance since their presence may influence the taste
properties, color, aroma of wine (Fe, Cu, Al, Zn), may have
essential role for human health (K, Ca, Mg, Fe, Cu, Mn, Zn)
or contrariwise, may pose health risks and undesirable
effects for consumers (Pb, Cd, As) [5].

Moreover, the differentiation of wines can be carried out
using major, trace and ultratrace elements [6]. In literature,
there are extensive studies that present the distinction of
wine according to their origin [6-11] and the mean adopted
to discriminate wines coming from different geographical
origins is elemental profile, a chemical descriptor used to
classify the wines according to their provenance [6].

The elemental profile may be achieved using various
analytical techniques, such as: flame atomic absorption
spectrometry (FAAS) [12-14], electrothermal atomic
absorption spectrometry (ETAAS) [15], hydride generation
atomic absorption spectrometr y (HGAAS) [16,17],
inductively coupled plasma-mass spectrometry (ICP-MS)
[8-10,18,19], inductively coupled plasma optical emission
spectrometry (ICP-AES) [10,11,19,20], total reflection X-
ray fluorescence spectrometry (TXRF) [5, 21], square-
wave anodic stripping voltametry (SWASV) [22].

Among all metallic ions, iron is present in wine in
concentration that ranges between 0.5 and 25 mg/L [23]
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and from that up to 5 mg/L appear from grapes [3]. Iron is
found in soluble complexes with organic acids, aminoacids
and polyphenols as ferrous (Fe+2) and ferric (Fe+3) ions
[3,24].

Iron presents a great importance for wine technology
because in excess, it may produce cloudiness or color
change (browning). This unwanted process occurs when
wine is aerated and ferrous ions are oxidized to ferric ions
leading to blue casse (precipitation of coloring matter) or
white casse (cloudiness in the case of white wines) [23].
It has been proven that the risk of casse is not possible to
be predicted only on the basis of total iron content, because
some wines become turbid when iron is about 6-8 mg/L,
whereas others remain clear even at concentrations of 25
mg/L [3]. Lazos et al. [25] stated that iron levels of 7-10
mg/L may cause cloudiness or color change.

Cacho et al. [26] reported that manganese and iron ions
are involved in chemical processes with acetaldehyde, the
latter being the catalyst of acetaldehyde combination with
phenolic compounds.

Among the techniques that are involved in decrease of
excessive iron content in wines are the treatments with
citric acid and arabic gum, ascorbic acid, calcium phytate.
The most popular method suppose the addition of
potassium ferrocyanide (1 mg of iron requires 6-9 mg of
potassium ferrocyanide) but there are many precautions
concerning its use, because it may happen the breakdown
of potassium ferrocyanide in wine forming hydrocyanic
acid, a very toxic product. That is why in some countries,
the winemakers must declare to the authorities their
intention to use this treatment [3]. On the other hand, there
are researches that describe the use of resins with the aim
of decrease of iron content in white wines for reducing the
tendency of browning, but the results indicated beside
decreased iron level, significant losses in the organoleptic
characteristics of the wines [27].

An important constraint concerning iron and its
importance in winegrowing technology is its deficiency
that produces undesirable effects that are associated with
low yields, poor grape quality, low sugar and anthocyanin
contents [28]. The main visual effect associated with iron
deficiency on plants is chlorosis that appear due to
decrease of the chlorophyll and carothenoid levels in leaves
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[28] and this is related with insufficient iron accumulation
in leaves or to immobilization into physiologically inactive
forms [29].

Having in view the importance of iron and the diversity
of its roles and implications in vine plants and wines it
turns out to be interesting to study and fulfill several
objectives concerning iron contents from soil, grapes and
wines from Tohani area, Romania, as it follows: (1) the
influence of phytosanitary treatments and sampling depth
on mobile iron content from soil, (2) the correlation
between mobile iron content and soil reaction (pH), (3)
the correlation between mobile iron content and active
CaCO3 from soil, (4) the influence of crop year and variety
on iron content from grapes, and (5) the influence of crop
year and variety on iron content from wine.

Experimental part
Description of area

Tohani is a locality in Prahova County, Romania. From
geographical point of view, Tohani is located in a downy
area covered by the Curvature Sub-Carpathians and it
became known over time because of the important wine-
growing areas.

Placed in the heart of Dealu Mare vineyard, Tohani area
is a well-known place on the already famous wine road. It
is also the beneficiary of ideal conditions for grapes and
vine harvesting, being surrounded by a favorable
microclimate, that allows the grapes to ripen 10 days
earlier than the vineyards in the neighborhood. It is notorious
that Vineyard Great Hill, called Motherland of Red Wines in
Southern Carpathians, is the Romanian wine area with
climatic conditions very similar to the Bordeaux region [30].
The climate is temperate continental, with cold winters
and hot summers. The average annual temperature is
11.3oC and the recorded mean annual precipitation is 642
mm.

In Tohani area, the most common soils are Cambisol,
Luvisol and Regosol and they are characterized by
moderate natural fertility.

Phytosanitary treatments
For pest and disease control, in vineyard were applied

phytosanitary treatments by spraying the vine leaves.
First treatment (T1), applied  at 30.06.2010, consisted in

a mixture of comercial products that contain as active
substance the following: Bifentrin, copper oxychloride,
Dimetomorph, Mancozeb, Mefenoxam, Metiram, Propineb,
sulphur.

The second treatment (T2) was applied at 20.07.2010
and was formulated using comercial products that
contained α-Cypermethrin, copper hydroxide, Dinocap,
Lambda cihalotrin, Mancozeb, Tebuconazole, sulphur.

Analytical procedures
Before analysis, the samples were carefully prepared in

order to avoid chemical and physical interactions.
All analyses were performed in triplicate and the reported

value is the average.

Soil samples
Soil samples were collected from Tohani vineyards plots

from two depths 0-20 cm and 20-40 cm. The following soil
agrochemical analyses were performed:

- soil reaction (pH) was carried out through
potentiometric method, in an aqueous suspension, 1:2.5
(w/v)

- active calcium carbonate content after a method
described in Handbook of Soil Analysis [31] according to
which the soil sample is put in contact with ammonium

oxalate under standard time conditions for shaking.
Ammonium oxalate having not reacted with carbonates is
then back titrated by manganimetry. Active calcium
carbonate is antagonistic to iron and can cause ferric
chlorosis.

- mobile iron content
A literature survey presents many extraction methods

for mobile forms of metals from soil, sediments and sludge
[32-36], but in our country for mobile forms of metals is
usually adopted method developed by Lãcãtuºu et. al [36].

A soil sample of 10 g was treated with 50 mL extractive
solution (EDTA 0.01M and CH3COONH4 1N, at pH 7) then it
was stirred for 2 h and filtered off [36]. The resulted extract
was used to evaluate the mobile form of iron, by FAAS
method.

Grape samples
Healthy bunches of grapes were collected at the time

of harvest. Grapes were washed with distilled water in
order to remove the air-pollutants and dust and then were
dried at 70oC. Crucibles with dried sample are calcinated
firstly at 250-300oC for organic carbon removal and then
the temperature is maintained at 450oC for 8-12 h till grey
ashes are obtained. The ashes are treated with HCl 6N and
the excess of HCl is evaporated and then the final volume
is made up to 50 mL using HCl 0.5 N. This solution is used
for iron evaluation through FAAS.

Wine samples
The number of wine samples (white,  red,  rose) analyzed

for the assessment of iron content was achieved as it
follows: 6 wine varieties x 4 samples/year x 3 years equals
72 samples. The wine sorts that were analyzed are:
Feteascã Albã (white) (FA), Riesling Italian (white) (RI),
Sauvignon Blanc (white) (SB), Tamaioasã Romaneasca
(white) (TR), Busuioaca de Bohotin (rose) (BB) and
Feteasca Neagra (red) (FN), produced by Tohani Dealu
Mare.

Wine samples were taken from freshly opened bottles
and processed according to a method reported by Artimon
et al. [37]. 3 mL of wine have been added in polytetra-
fluoroethylene (PTFE) vessels, treated with 5 mL HNO3
65% and let for 10 min to react. Then it was added 2 mL
H2O2 30% and microwave digested. This procedure helped
to eliminate the organic matrix of the wine samples. The
solution obtained after digestion was quantitatively
transferred in 25 mL volumetric flask and the final volume
was made up with distilled water.

Equipment
The pH of soil samples were achieved using inoLab pH/

ION 735 apparatus.
The iron content was determined using an atomic

absorption spectrometer Zeenit 700 from Analytic Jena, in
air-acetylene flame and the selected analytical line for iron
was 248.3 nm. The deionised water was obtained from
ELIX 3 system and the ultrapure water was obtained using
Simplicity UV system, provided by Millipore. The samples
were digested using a microwave Millestone Ethos Pro
apparatus. Grape samples were calcinated using
Nabertherm B150 (30-3000oC) oven.

Reagents
All reagents were of analytical grade or better. Laboratory

glassware was kept at least 24 houh rs in HNO3 10%
solution. Before use, the glassware was rinsed with
ultrapure water.

A stock solution of 1000 ppm iron provided by Merck
was used to prepare the standards for calibration curve.
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The calibration curve for iron is linear for the studied ranges
and was plotted by running different concentrations of
standard solutions.

Results and discussions
Mobile form of iron, pH values and levels of active CaCO3

on two sampling depths are presented in table 1.

The influence of phytosanitary treatments and sampling
depth on mobile iron content from soil

The ferrous ion and also mono- and bivalent species
namely, Fe(OH)2

+ and Fe(OH)2+ are found on soil adsorption
complex, meanwhile ferric ion is strongly retained by soil
colloids. The iron concentration available to plants is low
and varies between 0-25 mg/kg for Fe2+ and 0-5 mg/kg for
Fe3+. In soil solution, iron oxides and hydroxides become

more soluble with acidity increasing and at pH values over
6.5 the solubility declines [38, 39].

The iron distribution correlated with soil sampling depth
indicates superior values for surface horizon (0-20 cm).
The exception is given by plots with SB and BB varieties
where reverse situation occurred, higher levels of mobile
iron being found for 20-40 cm: 7.08 mg/kg and 7.16 mg/
kg, respectively. This is due to strongly acidic soil reaction
(4.35), moderately acidic (5.44), respectively [40].

The influence of phytosanitary treatments on mobile
iron from soil are significant and are generated by the effect
of these treatments on pH value and consequently on
bioavailable iron releasing (table 2).

The soil sampling depth present a significant influence
on mobile iron content, the values decreasing with depth
increasing and the mobility is influenced by soil acidity.
There are not found significant differences on 0-20 and 20-

Table1
MOBILE IRON CONTENT, SOIL REACTION AND
ACTIVE CACO3 FROM SOIL BEFORE (T0) AND
AFTER PHYTOSANITARY TREATMENTS (T1, T2)

Table 2
THE INFLUENCE OF PHYTOSANITARY TREATMENTS AND SAMPLING DEPTH ON MOBILE IRON CONTENT FROM SOIL
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40 cm depths for plot with SB variety for which there are
not pH fluctuations, with neutral soil reaction (6.81-7.20)
and slightly alkaline (7.21-7.50).

The correlation between mobile iron content and soil
reaction (pH)

Iron availability is favored by soil acidic pH. For soils that
were subject of investigation, on the basis of correlation
coefficient (0.4393*) we could assume a significant
correlation between mobile iron content and soil pH on 0-
20 cm depth (fig. 1) and no significant correlation on 20-40
cm depth (fig. 2).

The correlation between mobile iron content and active
CaCO3 from soil

Iron chlorosis in vineyards it may appear due to soil
related factors (high soil pH, presence of active CaCO3,
poor soil aeration and soil compaction, low root zone
temperature, irrigation with water rich in bicarbonate, low
level of soil organic matter and poor biological fertility of
soils) or vine related factors (pathogen infection, excessive
fruit yield the previous year, damages to the root system)
[41].

Active calcium carbonate content from soils is used to
calculate Chlorotic Power Index which indicates iron
deficiency induced by excessive amounts of active calcium
carbonate. Soils with active calcium carbonate levels
higher than 6-7% may lead to chlorosis [39].

Regarding analysed soils it has been found that the
influence of active calcium carbonate content on mobile
iron content is very significant for 0-20 cm (fig. 3) and 20-

Fig. 1. The correlation between mobile iron content from soil
(0-20 cm) and pH

Fig. 2. The correlation between mobile iron content from soil
(20-40 cm) and pH

Fig. 3. The correlation between mobile iron content and active
CaCO3 from soil (0-20 cm)

Fig. 4. The correlation between mobile iron content and active
CaCO3 from soil (20-40 cm)

40 cm (fig. 4) with correlation coefficients of 0.7943***
and 0.6942***, respectively.

The influence of crop year and variety on iron content from
grapes

Sofo et al. [42] found that iron content in grape was
greater in irrigated treatment (0.24 mg/kg) related with
treatment without irrigation (0.064 mg/kg), confirming that
low humidity of soil can increase grape and wine quality.
This statement was made on the basis of known effect of
iron excess in wine that could generate wine turbidity and
can delay fermentation during winemaking.

Iron concentration in white grapes found by Orescanin
et al. [43] was 0.019 mg/kg, meanwhile in red grapes iron
level was 0.142 mg/kg.

The influence of variety on iron content from grapes is
significant for majority of monitored varieties (table 3).
There are not significant differences between SB and FA in
year 2009. In crop year 2010, there are no significant
differences between varieties SB and FN and between TR,
BB, RI and FA. Also, in year 2011 there are no significant
differences for SB and BB, for RI, FA and FN with significant
differences as against TR.

In year 2009, the highest levels of iron are found for grape
varieties SB (0.185 mg/kg), FA (0.176 mg/kg) and FN (0.162
mg/kg) and this could be a consequence of the rainfall
and soil humidity that favored iron mobility.

The most significant differences given by crop year are
evidenced for 2009, a year with precipitation that may be
considered as yearly average value for this region in
comparison with 2010 and 2011. The year 2011 is positioned
on 10th place in the top of the warmest years of this century.
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Table 5
OVERVIEW ON
IRON CONTENT

FROM WINES
ORIGINATING

FROM DIFFERENT
COUNTRIES

Table 3
 THE INFLUENCE OF CROP YEAR AND

VARIETY ON IRON CONTENT FROM
GRAPES

Table 4
 IRON CONTENT IN ANALYZED WINE

SAMPLES
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and soil pH on 0-20 cm depth and no significant correlation
on 20-40 cm depth;

- the influence of active calcium carbonate content on
mobile iron content from soil is very significant for 0-20
cm depth and 20-40 cm depth with correlation coefficients
of 0.7943*** and 0.6942***, respectively;

- in year 2009, the highest levels of iron (as average) are
found for grape varieties SB (0.185 mg/kg), FA (0.176 mg/
kg) and FN (0.162 mg/kg) and this could be a consequence
of the rainfall and soil humidity that favored iron mobility;

- in the case of analyzed wines, the highest iron content
was found for rosé wine (BB) (2.642 mg/L), value lower
than those reported in literature for rosé wines. Also, it was
found that red wines contain higher levels of iron than white
ones;

- there are no significant differences generated by crop
year on wine iron content for majority of variants; the
differences that still appear are preponderant for year 2009
in comparison with 2010 and 2011 that are climatologically
alike;

- the highest values of iron content (as average) were
found for BB, FN and SB wines in all three studied years,
the highest values being recorded in 2011: 2.360 mg/L,
2.325 mg/L and 2.066 mg/L, respectively.
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Conclusions
Since iron plays an important role in wine technology, in

excess being a cause of color change and cloudiness, and
having in view its roles for vine plants, we determined the
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from Tohani area, Romania. Other objective was to
correlate the mobile iron content with soil pH values, active
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