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ABSTRACT 
 
   Metallic ions take important place in enological practice. Usually all metallic ions are naturally 
present in wine in nontoxic level. Heavy metals (Pb, Cd, As, Hg) are toxic to biological systems 
because of their negative impact on physiological functions of cell. Maximum acceptable levels 
in wine have been established by the Office International de la Vigne et du Vin (OIV), while in 
Croatia maximum permissible levels are given by Official Gazette 2/05 and 16/05. The goal of 
this work was to determine the content of Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sn and Zn, in 
43 selected white wine samples from continental wine-growing region of the Republic of Croatia 
by ICP-OES method. Average values for each metal were 0.99 mg/L Al, 0.05 mg/L As, 0.0005 
mg/L Cd, 0.0029 mg/L Co, 0.016 mg/L Cr, 0.18 mg/L Cu, 2.68 mg/L Fe, 1.25 mg/L Mn, 0.045 
mg/L Ni, 0.046 mg/L Pb, mg/L 0.074 Sn and 0.716 mg/L Zn. The obtained results in all studied 
cases were lower than limits given by official regulation that indicates application of good 
vitiviniculture practice in that region.  
 
   Gli ioni metallici hanno un ruolo molto importante nella produzione enologica. I metalli pesanti 
(Pb, Cd, As, Hg) sono tossici per i sistemi biologici perch� hanno un effetto negativo sulle 
funzioni fisiologiche delle cellule. L’Organizzazione internazionale della vigna e del vino (OIV) 
ha fissato i livelli massimi ammissibili nei vini, mentre in Croazia il livello massimo permissibile 
di stato stabilito dai Gazzetta Ufficiale 2/05; 16/05. Lo scopo di questo lavoro � stato quello di 
determinare il contenuto di Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sn e Zn in 43 campioni di 
vino di una zona vinicola della Croazia continentale tramite ICP-OES. I valori medi ottenuti per 
ogni metallo sono stati 0.99 mg/L Al, 0.05 mg/L As, 0.0005 mg/L Cd, 0.0029 mg/L Co, 0.016 
mg/L Cr, 0.18 mg/L Cu, 2.68 mg/L Fe, 1.25 mg/L Mn, 0.045 mg/L Ni, 0.046 mg/L Pb, mg/L 
0.074 Sn e 0.716 mg/L Zn. I valori ottenuti in tutti i casi studiati sono stati inferiori ai limiti 
stabiliti dai regolamenti ufficiali; ci� dimostra la presenza di buone pratiche vitivinicole in questa 
regione. 
 
INTRODUCTION 
 
   Metallic ions take important place in enological practice, some of them are necessary for the 
correct course of the fermentation, they influence clarity, aroma and sensorial properties of wine, 
and are important for toxicological and nutritional properties (Zoecklein et. al., 1999; Thiel and 
Danzer, 1997). Certain metal ions, such as Fe, Cu and Mn participate in destabilization of wine 
and in their oxidative evolution (McKinnon and Scollary, 1997). Several elements, including Cu, 



 2

Fe, Al, Zn and Ni, contribute to haze formation and undesirable changes of aroma and taste. All 
metallic ions are naturally present in wine in nontoxic level. Some of them (Pb, Zn, Sn, Hg) may 
occur in higher level as a result of agricultural treatments in vineyard. Fertilizers and pesticides 
are responsible for anion (phosphates and nitrates) and cation (Cu, Zn, and Mn) level increase 
(Ramachandran and D`Souza, 1998; Pietrzak and McPhail, 2004). Besides, wine and must are 
due to their acidity able to dissolve Cu, Ni, Zn and even Cr from winemaking equipment such as 
pumps and taps (Ribereau-Gayon et. al., 2006). Heavy metals are toxic to biological systems 
because of their negative impact on physiological functions of some cell enzymes (Zoecklein 
et.al., 1999). Determination of elements such as Pb, As and Cd is of considerable importance due 
to their potential toxic effects (Rebolo et. al., 2000; Galani-Nikolakaki et. al., 2002). Maximum 
acceptable limits in wine have been established by the Office International de la Vigne et du Vin 
(OIV) for Pb, Cd, As, Cu, Na, F, Br and B (Tab. 1), while in Croatia, maximum permissible 
levels are given for Pb, Cd, As, Cu, Zn, Sn, Fe, Ni, Ag, St, Al, Cr, Na, F, Br and B, by Croatian 
Official Gazette 2/05 and 16/05.  
 

Table 1. Maximum acceptable limits of metallic ions in wine (mg/L) 
 

ELEMENT OG 16/05 OG 2/05 OIV 
Pb 0.2 0.3 0.15 
Cd 0.01 0.01 0.01 
As - 0.2 0.2 
Cu 1.0 1.0 1.0 
Zn 5.0 5.0 - 
Sn 10.0 - - 

Fe (white wine) 10.0 10.0 - 
Fe (rosé wine) 15.0 15.0 - 
Fe (red wine) 20.0 20.0 - 

Ni - 0.1 - 
Ag - 0.1 - 
St - 0.2 - 
Al - 10.0 - 
Cr - 0.1 - 
Na - 20.0 60.0 
F - 1.0 1.0 
Br - 1.0 1.0 
B - 80.0 80.0 

 
The aim of this study was to determine the content of Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sn 
and Zn, in 43 white wine samples from different continental wine-growing regions of the 
Republic of Croatia by ICP-OES method. 
 
MATERIALS AND METHODS 
 
Instrumentation  
Multi-element determinations were carried out with Perkin-Elmer Optima 2000 DV instrument 
equipped with a Meinhard spray chamber, nebulizer and peristaltic sample delivery system. The 
instrument was controlled by the ICP WinLab 1.35 Perkin Elmer software. The operating 
conditions and the wavelength used for the analysis of each element are given in Tab. 2. The flow 



 3

conditions for plasma gas, auxiliary gas and nebulizer gas were 15.0, 0.2 and 0.8 L/min, 
respectively. Power was set at 1300 Watt. Ultrapure water (18 M�/cm) was obtained from Easy 
pure RF (Barnstead, Dubuque, IA, USA). 
 

Table 2. Operating conditions and wavelengths used for the quantification  
of each element by ICP-OES method  

 

Element Wavelength 
(nm) Points/Peak 

Background 
Correction 

(No. of points) 

Plasma 
View 

Al 396.153 5 2 Axial 
As 193.696 4 2 Axial 
Cd 226.502 1 2 Axial 
Co 230.786 4 2 Axial 
Cr 267.716 4 2 Axial 
Cu 327.393 5 2 Axial 
Fe 238.204 5 2 Axial 
Mn 257.610 5 2 Axial 
Ni 232.003 4 2 Axial 
Pb 220.353 1 2 Axial 
Sn 235.485 5 1 Axial 
Zn 206.200 7 2 Axial 

 
Samples  
43 white wine samples from continental winegrowing region of Croatia were analyzed. 
Sample preparation  
The sample of wine (50 mL) was put in a beaker and 4 mL of 60 % nitric acid was added. 
Open beaker was placed in a water bath at 90-95 °C, to reduce the volume to approximately 30 
mL in order to remove ethanol and therefore minimize matrix interferences during analysis and 
diminish plasma instability caused by introduction of organics into the plasma. The sample 
residue was than quantitatively transferred to volumetric flask and volume was set to 50 mL with 
2 % nitric acid (Bukov�an, 2007). 
Blanks and standards  
2 % HNO3 blank solution was prepared from 60 % HNO3, suprapure, obtained from Merck 
(Darmstadt, Germany) and ultrapure water (18 M�/cm). Standard solutions containing 2 % 
HNO3 were prepared with appropriate dilutions to cover the concentration range of each element 
in the wines. Standards for Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn, were obtained as 
multielement solution (109480), standard for Sn (170362), K (170342), Ca (170308), Mg 
(170331), and Na (170353) from Merck (Darmstadt, Germany). 
Method 
The validation parameters of method used for determination of 16 elements is fully described by 
Bukov�an et. al., (2008). 
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RESULTS AND DISCUSION 
 
   The results of 16 elements concentration in studied wine samples are summarized and 
presented as minimum, maximum and average values for each element in Tab 3. The Al content 
ranged from 0.49 to 2.01 mg/L (average 0.99 mg/L). These values are lower than results in 
Croatian wines presented by Šeruga et. al., (1998). They found Al concentration in range from 
0.62 to 8.60 mg/L. Lower Al concentration can be interpreted by improvement of vinification 
process during the last decade. In general, Al levels are considerably lower than the value of 10 
mg/L, which is considered to be the limit for aluminum haze formation in wine (McKinnon et. 
al., 1992).  
 

Table 3. Concentrations of metallic ions in white wines from continental part of Croatia 
 

Metallic 
ions 

Concentration (mg/L) 
min. max. average 

Al  0.49 2.01 0.99 

As  n.q. 0.034 0.005 

Cd  n.q. 0.003 0.0005 

Co  n.q. 0.008 0.0029 

Cr  0.005 0.032 0.016 

Cu  0.028 0.721 0.18 

Fe  0.59 9.5 2.68 

Mn  0.287 3 1.25 

Ni  0.003 0.167 0.045 

Pb  0.007 0.122 0.046 

Sn  n.q. 1.357 0.074 

Zn  0.102 3.07 0.716 

(n.q. – not quantified) 
 
   In this study the highest As concentration was 0.034 mg/L, with average value of 0.005 mg/L, 
yet 19 samples had As concentration below the quantification limit 0.001 mg/L. These low As 
concentration indicates that arsenate pesticides was not used to spray the vineyards during grape 
production. According to maximum acceptable limit for As of 0.2 mg/L (OIV and OG 02/05), it 
can be speculated that determined As concentration does not perform risk in term of toxicological 
effect on consumer health.  
   The same trend was observed in case of Cd concentration. Average Cd concentration was 
0.0005 mg/L. Only 11 analyzed samples contained Cd at quantifiable level and the highest 
determined concentration was far below of maximum acceptable limit. 
   Maximum acceptable level for Co is not defined by regulation and its effect on wine 
technology or consumer safety is not established. The Co is essential element and constituent of 
vitamin B12. Therefore, its concentration in Croatian wines (8 µg/L max.), leads to assumption 
that wine is a potential nutritive source of Co.  
   According to OG 2/05 maximum acceptable level for Cr is 0.1 mg/L. In this study it was found 
an average of only 0.016 mg/L Cr, which clearly indicates absence of asbestos filters usage (main 
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source of Cr in wine) in wine production (Ough and Amerine, 1988). Kristl et. al., (2003) found 
the same Cr concentration average value for Slovenian white wines. 
   The concentration of Cu in wines may be of exogenous (spraying grapes with copper sulfate) or 
endogenous origin (Carvalho et. al., 1996). The average of Cu concentration in studied wines was 
0.18 mg/L. This value is far below of Cu concentration that causes wine browning or clouding 
(Benitez et. al., 2002). The highest Cu level was 0.72 mg/L which is also far below of maximum 
acceptable level according to OIV and Croatian regulation (1.0 mg/L). 
   The Fe concentration of grapes and wines depends upon several factors, the most important 
being soil where the grapes are grown. The Fe derived from soil reaches wine in two ways: it 
either covers the berries as a part of dust or it is absorbed from the vine through its roots. 
Knowing Fe level in wine is important because of its effect on undesirable process of oxidation. 
Wine clouding usually occurs when wine contains more than 10 mg/L of Fe (Galani-Nikolakaki 
et. al., 2002). In this study Fe concentration ranged from 0.59 to 9.5 mg/L (average 2.68 mg/L).  
   Legal limitation for Mn concentration is not defined, but it is important to know the 
concentration because of a great influence of Mn on wine oxidation and development of 
acetaldehyde during oxidation (Cacho et. al., 1995). In small quantities this element is a natural 
constituent of grape berries. The concentration of Mn ranged from 0.287 to 3.00 mg/L (average 
1.25 mg/L). These values are in some degree lower in comparison to values obtained by Šebe�i� 
et. al., (1998) which were from 0.73 to 4.23.  
  Maximum acceptable level for Ni is 0.1 mg/L. The concentration of Ni in studied wine samples 
ranged from 0.003 to 0.167 mg/L (average 0.045 mg/L). The use of nickel alloys in stainless steel 
is a potential source of Ni in wine and also contact with asbestos or nickel-containing enamels 
(Ough and Amerine, 1988). 
   Knowledge of the Pb concentration in wine is important because of its toxic impact on 
consumer’s health. Therefore, its maximum acceptable level is regulated by legislative (Tab.1). 
The values varied between regulative from 0.15 mg/L (OIV), 0.2 mg/L (OG 16/05) and 0.3 mg/L 
(OG 02/05). In this study Pb concentrations were below maximum acceptable level and they 
ranged from 0.007 to 0.122 mg/L (average 0.046 mg/L). The results indicate that studied wines 
were produced on vineyards far from high traffic roads and environmental pollution from car 
exhausts. 
   Wine can be considered as a nutritive source of Sn which is an essential element for human 
body (Dunne, 1996). The average value of Sn concentration in this study was only 0.074 mg/l, far 
below maximum acceptable level of 10.0 mg/L defined by regulation (OG 2/05). 
   Zinc is essential element with maximum acceptable level in wine (5.0 mg/L) defined by 
domestic regulation (OG 16/05, OG 2/05). In study of Croatian wines conducted by Šebe�i� et. 
al., (1998) Zn concentration ranged from 0.23 to 1.70 mg/L. In present study Zn concentration 
ranged from 0.102 to 3.07 mg/L (average of 0.716 mg/L). 
 



 6

CONCLUSION 

   The contents of analyzed elements did not exceed the limits given by the Croatian regulations, 
which lead to conclusion that organic and mineral fertilizers, inorganic pesticides and other 
means of vine growing and winemaking practice are not misused. Besides that, quality important 
to emphasize is absence of environment pollutants such as heavy industry and automobiles 
exhausts gases around vineyards where grape for wine production were grown.  
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