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After almost 30-years of decrease, a new growth of global wine consumption is
denoted. It is known that a wine may contains increased quantities of some metals
such as copper and among them other known toxic elements such as lead and
cadmium (Scheinberg, 1991). Alcohol strengthens toxic effect of metals and also
their accumulation in an organism which has been shown especially for lead
(Roses et al., 1997, Brivet et al., 1990, Nation et al., 1990). A case of severe lead
poisoning through wine consumption has been described (Mangas et al., 2001). In
a background of traditionally high consumption of wine, as in viniculture arcas,
the elevated copper content is, probably, the reason for the greater cccurrence of
liver diseases among the population (Mirlean and Burgelia, 1986). The trace
element composition of grape wines and other alcoholic products is influenced by
the type of soil, wine processing equipment, vinification methods and also
comnposition of used fungicides, insecticides and fertilizers (Eschnauer and Neeb,
1988). The detection of the factor having the main influence on the high content
of metals in wine and other grape products should help to improve their quality
and reduce possible health hazards.

Viniculture in Brazil appeared more than one hundred of years ago together with
mass Italian immigration which brought extensive cultivation of grapes and
vinification techniques. Actually, the vinification branch in Brazil is booming,
vine areas have increased and output of wine and other grape products are
growing. Practically all Brazilian wine production is concentrated in mountainous
areas of the Rio Grande do Sul State, southern Brazil, where rather cold winters
facilitate the successful cultivation of grapes. However, because of high intensity
of atmospheric precipitation (1900 mm/yr) this area is, probably, the dampest
viniculture area in the world. High humidity and high periodicity of rains demand
more frequent processing by fungicides which consequently should affect metal
content in grape products.

Till now there were no publications about metals in Brazilian grape products such
as wine, vinegar, grape juice and grape jam. The present study involves the

analysis of Brazilian market and home-made grape products, grape bagasse,
vineyard soils and copper-based fungicide. Analyses were performed for
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cadmium, copper, lead, and zinc, which could be pollutants of the grapes and
normally are controlled in wines. Chromium and nickel, which are characteristic
for local ferrous soils developed in basaltic rocks, were also analyzed.

MATERIALS AND METHODS

Twenty five wine samples from 14 wine types were investigated. A part of the
wine samples were obtained directly from the wineries and the others were
obtained from the local market. Four wine vinegar and four grape juice samples
were taken from the local market and two home-made samples of these products
were obtained from the home owners. Four samples of grape jam, including one
home-made, were purchased in the local market. Two samples of fresh grape
bagasse were taken from a dump close to a winery. Twelve surface soil (0-5 cm)
samples were collected in 6 vineyards belonging to different wineries and histories
of copper applications. A sample of copper sulphate was obtained from the local
distributor of agro-chemicals. All analysed samples were from the same region of
Bento Gongalves in Rio Grande do Sul State, southern Brazil. The names of the
producers and specific locations cannot be disclosed because of confidentiality
agreements with the owners.

Water extraction from grape pomace was prepared by 1:5 pomace:deionized
water ratio shaking during 2 hours and consecutive filtering through membrane
0.45 um. A copper sulphate sample was prepared by dilution of 1g of Cu S04 2H,0
in 1L of deionised water acidified (1% v/v) by s.p. nitric acid. Soil samples were
air-dried, lightly ground and sieved through a 2 mm stainless steel sieve. Trace-
metal clean procedures detailed in Mart (1982) were employed to minimize a
contamination risk when sampling and sample treating.

The digestion of samples of wine, vinegar, juice, bagasse water extract and jam
was performed by treating 10 m! of liquid sample or 1 g of jam with 3 ml cone.
HNOj; and 5 ml H,0; according to Pietrzak and McPhail (2004) . After complete
digestion, the samples were made up by deionized Milli-Q water to 50 ml. For soil
samples the digestion method HF/HCIO/HNOQ; was employed.

Zn, Cu, Cr and Ni in soil samples were analyzed by flame atomic absorption
spectrophotometry (GBS 932). For Pb and Cd analysis in soil samples and Cu, Zn,
Cr, Ni, Pb and Cd analysis in wine and other grape products the graphite furnace
atomic absorption spectrophotometry was used. Maximum value of relative
standard deviation for 3 replicate analyses was less than 4%.

Since qualified international standard organizations do not support certified
reference materials of wine and vinery products, the method accuracy and digestion
recovery was tested by preparing three quality control samples (Galani-Nikolakaki
et al,, 2002). The absolute ethanol was added (12% v/v) to Milli-Q achieving a
final alcohol concentration close to that in wines. Copper and zinc were added to
200 pg L'; lead, chromium and nickel to 20 pg L™ and cadmium to 2 pg L
These samples were digested under the same conditions used for wines and vinery
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products. Quite good recoveries for metals were found falling within the 95%
confidence limits for prepared samples. The accuracy and precision of soil material
analyses were ensured by sequential digestion and analysis NRCC-PACS-2
Certificate Reference Material (CRM). For majority of metals good recovery was
found within the 95% confidence limits for the CRM. For cadmium those fall
outside the limits but recovery was still within 10% of the certified value.
Therefore, we consider the reported data of sufficient accuracy and acceptable
precision.

RESULTS AND DISCUSSION

The vineyard top soil contains very high copper concentration which on its
maximal and the average values considerably surpasses copper concentration in
vineyard soils of other countries (Pietrzak and McPhail, 2004). Such a high copper
concentration in Brazilian vineyard soils is caused by local climatic conditions,
favorable for more frequent flashes of mildew, and, as a consequence, to more
frequent application of copper-based fungicide.

Table 1. Metal concentrations in grape products and bagasse (ug L, g kg'l), soil
and fungicide (mgﬁg‘l), in brackets-mean concentration.

Sample (n)* Cu Zn Pb Cd Ni Cr

Red wine (25) 69-1011 | 80-358 5-121 |0.2-09| 4-14 | 8-34
197 (194) 54 {0.5) (&) (16)

White wine (4) 81-264 | 54-552 579 |0.3-1.3| 527 | 14-35

asny | @326 | @9 | 06 | 12) | @2
Grape juice (4) | 240-1023 | 96-528 | 40-212 | 1.0-1.9| 6-35 | 28-54
2600 | 309 | a1m | a3 | a9 | 38

Grape jam (4) 87-934 | 67-587 | 15-187 |0.4-23 | 12-34 | 18-44
(404) (271) (93) (14 (22) (28)
Vinegar (4) 65-158 | 110-211 | 1347 |0.2-1.0| 7-24 | 13-28

112) | @65 | @5 | @5 | as | a9
1839 522 290 1.9 8 46

Home-made juice

)]

Home-made 87 106 35 43 | 10 | 12
vinegar (1)

gﬁgasse’ whitered | 57_6624 | 456-2843 | 198-365 | 1.4-4.9 | 44-110 | 70-32
Vineyard topsoil | 196-2497 | 91-355 | 847 |033.6| 567 | 9-113
(14) 175 | (193 | (a6 | 16 | 3¢5 | (59
Copper sulphate (1) | 326000 | 1309 96 14 | 13 | 20

* number of samples
The copper sulphate used for fungicide preparation contains considerable quantities

of other metals; zinc and lead concentrations in copper sulphate is several times
higher than in vineyard soils (Table 1).
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Water extracts from fresh grape bagasse demonstrate very high metal
concentrations. Besides the copper, zinc and lead concentrations are particularly
increased in bagasse extracts which correspond to distribution of these metals in
copper sulphate used in vineyards. Water extract from red grape bagasse in
comparison to white grape bagasse is several times richer in lead, zinc and
cadmium, and 20 times richer in copper.

Metal concentrations in Brazilian wines varied in a wide range (Table 1). Red
wines on the average contained more copper and lead than white ones, which
coincided with the published data for other countries (Lara et al., 2005; Karadjova
et al., 2000). The copper concentration above the permitted level established in
Brazil (1000 pg L) was met only in Merlot.

Though the lead concentration in analyzed wines does not exceed the Brazilian
limit of 300 ug L, it was higher than lead concentration in wines of other
countries, The concentration of the other metals in wine was comparable to the
values generally found in literature (Gomes et al., 2004; Salvo et al., 2003; Conde
et al., 2002; Galani-Nikolakaki et al., 2002).

In grape vinegars the concentration of Cu, Zn, Pb and Cd was on the average lower
than in wines. That is, probably, related to the additional process of fermentation
and also to dilution of the end-product in order to achieve commodity
concentrations of acetic acid. The higher concentration of cadmium in domestically
prepared vinegar may be explained by contamination from the metal container.

Grape juices contain noticeably more metals than wine. In one of the four analyzed
market juices the copper concentration exceeded the Brazilian norms (1 mg L),
lead concentration exceeded recommendations of the Office International de la
Vigne et du Vin-OIV (200 pg L") and zinc concentration exceeded European
Community norms (500 pg L™). In domestically prepared grape juice (sold by
manufacturers during grape harvesting) the copper concentration exceeded the
Brazilian norms and the majority norms of other countries. The lead concentration
was very close to Brazilian norms but surpassed the OIV norms, and zinc
concentration was higher than European Community norms. The cadmium
concentration is generally higher in juices in comparison to wines (Table 1).

Grape jams are characterized by noticeably increased metal concentrations
compared to wines, but lesser than juices. The highest metal concentrations were
found in home-made jam. Local market jams have lower metal concentrations,
probably, due to addition of components (pectin, soy-milk) not related to the fruit.

As a whole, distribution of metals in the analyzed grape products depends on the
degree of its processing; the more technological stages the product passes through,
lesser the metal concentrations. These products form the following line in
decreasing order of metal concentrations: juice —jam — wine - wine vinegar.
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Figure 1. Average metal content normalized by copper concentration in
studied sample sets.

Herein, the metal contents in home-made products are higher than in the industrial
ones. Presumably, that is the result of an infraction of technological norms,
pollution from the container or smaller dilution.

In spite of apparent evidence in the significant contribution of fungicide in the
metal concentrations in grape products, there is no common opinion concerning
this subject in literature. Even the elevated copper concentrations in wines are not
always attributed to the influence of the use of fungicide (Lara et al. 2005). Zinc in
wine, according to Lara et al. (2005), increases when zincware containers during
the processing and ageing stages are used and also when special zinc-based
pesticides are applied. Elevated lead concentrations in wine are frequently
attributed to atmospheric pollution (Lara et al., 2005; Medina et al., 2000).

Figure 1 presents the distribution of metal concentrations normalized to copper
concentrations in grape products, grape bagasse, soil and fungicide (metals are
located on x-axis in decreasing order of their normalized values in soil). It can be
seen that lines of metal distribution in the studied sample sets show two different
configurations. Configuration for fungicide, bagasse and grape products differs
from that for soil by higher values of normalized concentrations of lead and zinc.
Such concurtence of metal distribution lines in fungicide and grape products
testifies that product pollution most likely occurs as a result of direct contamination
by residual quantities of fungicide adhered to the fiuit surface instead of
contamination by soil material or selective metal accumulation by plants through
root system.

The increased lead concentration in grape products due to atmospheric pollution is
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Figure 2. Copper concentrations in wine Merlot versus winery’s
capacity.

unlikely, at least in the investigated area. There is no large industrial activity or
intensive traffic in studied region, apart from that the lead additive to gasoline has
not been applied in Brazil since 1980. The significant correlation between copper
and lead in grape products (r=0,79 , p<0.05, n=39) confirms the direct contribution
of fungicide to the lead contamination.

Observed variations of metal concentrations in the same type of product from
different manufacturers, probably, are related to distinctions in technology (or
violations of standard technological schemes), mixture of different kinds of grapes
or products being manufactured in different years when distinct quantities of
fungicide were applied. Purposely, to check the influence of manufacturer on metal
concentrations in wine, we carried out additional analysis of the 2002 crop Merlot
wine (this wine is made of only one kind of grape), from 5 different manufacturers
in the same area. Results presented in figure 2 demonstrate a tendency of inverse
correlation between copper conceniration in wite and manufacturer output
capacity. Such correlation could be atributed to deviations in the technological
process of small-scale manufacturers by reducing certain technological operations.
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