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MULTI-ELEMENT COMPOSITION OF RED AND WHITE
WINES FROM BUJORU, SMULTI AND OANCEA WINE
CENTER, ROMANIA
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ABSTRACT. The ICP-MS technique was used to determine elemental
composition (Pb, Sr, Cd, Ni, Co, Cu, Ni, Hg, As, Cr and Mn) of wines (Muscat
Ottonel, Feteasca Alba, Feteasca Regala, Feteasca Neagra, Merlot and
Cabernet Sauvignon) wines produced in 2015, 2016 and 2017 from Bujoru,
Smulti and Oancea wine-growing centers from Dealu Bujorului Vineyard. For
all tested wine samples, the toxic metals contents were found in quantities
below the limits established by legislation. The average data shows that the
red wines contain highest concentration of Cd (0.17 pg/L), while the content of
Cd in white wines are 0.11 pg/L. The concentration of U was 0.25 ug/L in red
wines and 0.24 ug/L in white wines, while the concentration of Hg was 0.24
Mg/L in red wines and 0.20 pg/L in white wines. The mean contents of Ni, Cr
and Mn were 312.32 ug/L, 526.19+2.63 pg/L and 0.59+0.08mg/L, respectively.
The concentration for Cu ranged from 0.45+0.10 mg/L to 0.90+£0.04 mg/L, the
last value being close to the law limit (1 mg/L). The four samples [Merlot
0.82+0.07 mg/L Bujoru wine-growing center (2015), Feteasca Alba 0.83+0.05
mg/L Smulti wine-growing center (2015), Merlot 0.83+0.05 mg/L Smulti wine-
growing center (2015) and Cabernet Sauvignon 0.83+0.08 mg/L Oancea wine-
growing center (2015)] showed relatively high concentration of Cu. Reporting
the obtained results [Cd average 0.13+0.02 pg/L (0.1mg/kg M.L.A. = Maximum
Limit Allowed) Pb average 40.64+1.85 ug/L (0.15 mg/kg M.A.L); As average
11.87+1.37 ug/L (0.2 mg/kg M.A.L); Cu average 0.67+0.09 mg/L (1 mg/kg
M.A.L) to national and international legislation we can say that the wine from
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Dealu Bujorului vineyard falls within the limits set by the law. The content of
potentially toxic elements such as Cd, Pb, U, Hg, As, Cu, Ni, Cr and Mn are
lower than values found in literature, highlighting the safety and quality of the
analysed Romanian wines.

Keywords: Dealu Bujorului vineyard, elemental composition, geographical
traceability, wine.

INTRODUCTION

The origin and authenticity of food products are topics of great
interest in the food industry, not only for consumers but also for producers
and distributors. Additionally, the use of geographical designations allows
producers to obtain market recognition and often a premium price [1]. Wine
is a product widely consumed around the world and has been extensively
investigated because of frauds, including adulteration, false declaration of
geographical origin and false age declaration. The huge diversity of
production areas poses a challenge in establishing the provenance of wine as
their grape variety, soil and climate conditions, history, yeast, oenological
practices, storage and transport [2, 3]. To take marketing advantage of the
recent large improvements in wine quality in several ,New World” wine
regions, many local producers have changed to declare the specific region
of origin rather than just naming the grape variety [4]. The denomination
origin controlled (DOC) system are applied in many countries to control and
ultimately guarantee the quality, origin and also to prevent de fraud. Chemical
characterization is one of the requirements to obtain DOC certification of
wines. Nowadays, there is a wide range of combined techniques to identify
wine authenticity [5].

The inorganic chemical pattern of a wine is a reflection of the local
geochemistry of the soil, climate and winemaking process. The elemental
composition is mainly influenced by the bioavailability of inorganic compounds
of the soil and the demands of the vine [6]. The initial concentration of
elements can be modified during the winemaking process by the addition of
bentonite or similar compounds, used to clarify the wine or by co-
precipitation present in the must [7]. Not all elements are metabolized or
modified during the winemaking process [8]. In wine from three southern
Italian wine-producing regions were identified Li and Rb as elements
facilitating a successful classification [9] wine from Spain were able to
discriminate from two different Valencia by using Li and Mg content.
However, factors such as environmental pollution, agricultural practices,
climatic changes and winemaking process may change the multi-element
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composition of wines. Nevertheless, significant correlations were obtained
between the elemental composition of vineyard soil and wine [10].

The presence of lead in wine is associated with two major sources
as follows: natural sources, which are due to the weathering of rocks, and
human activity, which results from the use of fertilizers, pesticides and
agricultural and food additives and environmental pollution [11].

The goal of this study is to determine the elemental composition
(Cd, Pb, U, Hg, As, Sr, Co, Cu, Ni, Ce and Mn) of wine from Bujoru, Smulti
and Oancea wine-growing centers from Dealu Bujorului vineyardand to
assess their ability to discriminate between geographical origin of wines.
The wines from Smulti and Oancea wine-growing centers have not been
analyzed yet regarding concentration of the elemental composition.

RESULTS AND DISCUSSION

Heavy metals content in wine samples from Bujoru, Smulti and Oancea
Wine Center

Table 1 and 2 summarize the total contents of Cd, U, Hg, As, Co,
Cu, Ni, Cr and Mn in wine samples. Generally, the heavy metals are found
in wine due to their presence in grapes, from where they are extracted
during maceration [12]. These elements are found in grapes as a result of
their accumulation in the plant from the soil, or they could be absorbed from
the agents used in protecting the vine from diseases. In the course of the
maceration, extracted elements are absorbed in the cell membrane of
yeast, and in a while, their declines as a consequence of precipitation in
conjunction with the yeast cell. The contact of wine with equipment, the
addition of fining agents or the changing of filters during post fermentation
processes could increase the content of some elements [12].

The mean contents of Cd, U and Hg were 0.13+0.02 pg/L, 0.24+0.03
Mg/l and 0.20+0.03 pg/L. The highest concentrations of Cd and U were
recorded in the wines obtained in 2016 from Smulti wine-growing center,
namely Feteasca Neagra (0.22+0.04 ug Cd/L and 0.41+0.06 ug U/L and
Merlot (0.21£0.02 pg Cd/L and 0.45+0.05 pg U/L), while the highest
concentrations of Hg were recorded in wines obtained from Bujoru wine-
growing center (Feteasca Alba - 0.431£0.05 ug Hg/L) in both years 2015 and
2016. The average data shows that the highest concentration of Cd was
obtained to red wines (0.17 pg/L) compared to white wines white (0.11 pg/L),
the highest concentration of U was obtained to red wines (0.25 pg/L)
compared to white wines white (0.24 ug/L) while the highest concentration of
Hg was obtained to white wines (0.24 pg/L), compared to white wines white
(0.20 pg/L). The results agree with some studies [12] 0.25 pg/L (Cd), 0.11 pg/L
(U), [13] 0.14 ug/L (Cd), but compared with other result [14], the concentration
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of Cd was significantly higher than ours 10.60 pg/L (Cd). Regarding Hg
concentration the results agree with those made in Romania [15] for
Sauvignon Blanc 0.56 pg/L, Feteasca Alba 0.22 pg/L and Riesling 0.16 pg/L.

Table 1. Variation of the metal content of white and red wines from Dealu Bujorului

Vineyard (ug/L)
u

© %‘ - Cd Hg As
s £ 8 M.LA. M.LA. M.LA. M.LA.
< = > 0.01 mg/L - - 0.2 mg/L
\ 2015 0.1120.02™ 0.18£0.03"™ % 5e;  0.340.08°B  14.16:2.26°% Byd
O 2016 0.12£0.015Mgn  0.27:0.04>%igBy 03240.05"*9B  1548:0.85" By
© 2017 0.12£0.0297(n  0.24:0.09%€0%mMByBe 0.30£0.029B  21.85¢1.74°a
2015 0.12:0.0™mn 0.18£0.06™® 5ef  0.43£0.05%a 16.43:0.92°% 3
FA. 2016 LOQ® 0.24:0.02°9%m By 0.43£0.04° a 13.79+1.57%" yBe
B 2017 0.13:0.0%™5eln  0.1740.02™Pel  0.31:0.03"*'B  13.36:1.15"y5e
= 2015 LOQ"® 0.2120.059"K™% y5eZ 0.260.08" 8.77+0.65°0
S FR. 2016 LOQ® 0.22::0.04°0%m0 By 5eZ 0.43£0.04° o 13.79+1.57%"k y5e
2 2017 0.13:0.01%"efn  0.35:0.02°a 0.31£0.05%0 8 15.23+1.15%M By
S 2015 0.16:0.01%"K  0.24+0.0570%mBy5e 0.33:0.04™%°F  14.37+2.09°Byde
S FN. 2016 0.15:0.02y5e  0.26+0.03"%0"KqBy5 0.27+0.08 /"B 10.03£0.47"° O
S 2017 0.14£0.019MKMyBe7 0,260,039k gBy 0.29+0.052*9B  10.26+0.87™ 1o
a 2015 0.16:0.0200Ky5 ~ 0.1740.01™Pel  LOQ®5 12.02:0.504™° 5eg
M 2016 0.21:0.02%a 0.160.01" ¢ 0.30£0.04% 8 21.02+1.36% a
2017 0.20£0.02%°gB  0.17+0.03™*¢f  0.260.03°*p  LOQ
2015 0.130.02Mmefn  0.30£0.08°*aB  LOQ*5 10.45:0.81™ g
CS. 2016 0.17+0.02°Mgy  0.27+0.02*%*M gBy 0.15:0.02°"y  9.90+1.22° o
2017_0.17+0.03°%0"By _0.23+0.03%moBy5e LOQ® S 12.56+0.61™ 2o
\1 2015 0.1320.02M"yde  0.250.08™#0™apyd 0.13%0.02°N0  13.3541.57 "™ oeln
o, 2016 0.13:0.0M™y5e  0.25:0.06°9MnaBy5 0.26+0.05%MB 139942 20k 5
© 2017 LOQ 0.15+0.04° B¢ 0.19£0.034™#\el 17.40+1.99% By
2015 0.13:0.0%me 0.2120.029"m By e 0.17:0.02™ P 5e{n® 9.03+0.56°1
FA. 2016 0.14:0.03¥0m  0.31:0.02"q 0.160.01™ 18 10.36£0.76™°
5 2017 LOQ 0.27+0.05%4/0% gy 0.22£0.04"K" By 10.82+1.22M % el
€ 2015 0.16:0.02%%0"k  0.18+0.03™®P5e  0.15:0.01™"{nd  9.87+0.30°)
S8 FR. 2016 LOQY 0.28+0.07°5" qB  0.2040.02X™P\Bel 12.86:£0.69%" 5elnd
o 2017 LOQ" 0.19£0.034™0yBe  0.12+0.01°0 10.45:0.92™ gy
g 2015 0.18:0.04*%aByS 0.16+0.01" 3¢ 0.20£0.034™P\BeZ  15.82+3.24%°5" y5
= FN. 2016 0.17:0.05%0Byde 0.14:0.02° 5¢ 0.170.02™ 5 19.02£3.12> aB
2 2017 0.18:0.04%<6qBy  0.21:+0.029"me» By5e 0.23:0.027M ByS  21.12+1.34%q
» 2015 0.18+0.04%%5aBy 0.26+0.06"* Mk aBy5 0.21+0.02™ ByS  13.76:1.61°" 5eg
M 2016 0.19:0.04®GB 0.18+0.02™°5e 0.22:0.03"WBy5  1258+181%™eZng
2017 0.13:0.024"5¢  0.20+0.05™™PBySe  0.22+0.01"K™Byd  10.78+1.56™Pelny
2015 0.14:0.0279mBy5e 0.21+0.06%™ Byde 0.3420.02a  10.231.70™ g
CS. 2016 0.18+0.03**aBySe 0.20+0.02"M™ Byde 0.31+0.06"*9q  10.11x0.30" 6
2017_0.21:0.03%a 0.21£0.04KmP By e 0.25+0.03By  13.29+0.81" 5eZnd
1 2015 0.12£0.02™ 0.20£0.027™>»  LOQ*6 _ 12.6620.46"™ Byd
. o 2016 0.1750016UBy5e7 0.2420.07"0NKM Sef 0.20£0.058M™™ Seg 12.69+1.72™ By
g P 2017 0.20£0.01"aBy  0.33:0.02°y 0.21£0.05K™ 8 ~ LOQY
g 2015 0.14:0.026MMMegn  0.22+0.04%Kmo 7 LOQ®0 9.50+1.69° ¢
FA. 2016 0.170.01°%By5el 0.20£0.02MKmMog ~  0.17:0.01™% eg  13.21%1.45"Km By
2017 0.13:0.025"gn 0.4810.03°a 0.19:0.034™ 5e7 10.36£0.76™" e
%o 2015 0.16:0.01°9¥y5el  0.30£0.02°%y5  0.35:0.02°a 16.97+3.84%
€S FR. 2016 0.1740.025My5ef 0,240,045  0.2120.05M™e5e  10.49+1.06™* yoe
3 2017 0.13:0.024mgn  0.2040.02°Byde  0.30:0.02°*9aB  10.33£0.80™ 5¢
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s T s Cd U Hg As
SO~ 3 M.LA. M.LA. M.L.A. M.LA.
< _s = 0.01 mg/L - - 0.2 mg/L
2015 0.14+0.03%"Kmezy 0.28+0.03%%fh ySe  0.28+0.04%%" By 16.67+0.84% g
FN. 2016 0.22+0.04% 0.41£0.06°B 0.33£0.03°¢ 0B 12.24+1.22K™ Ry e
2017 0.20£0.02%%qBy  0.29+0.02°<fyde  0.36+0.04°a 16.92+2.51%% g
2015 0.19+0.03%<qByd  0.45+0.05°ap 0.15£0.03™°"' 7 LOQT
M 2016 0.21+0.02%p 0.26+0.05>hk BySeZ  0.17+0.01™°P e7  9.41+1.16% ¢
2017 0.19+0.02%%0Byd  0.30+0.04%1y5 0.24£0.029"ky5 LOQT
2015 0.17+0.020cfhiy5e7 0.32+0.03%y 0.20+0.03Kmnop 5¢7 10.83+1.72m"oP y5e
CS. 2016 0.19%0.02°gByd 0.29+0.02°%0ySe  0.23+0.02"y5  14.9621.70%h o
2017 0.18+0.042%oByde 0.32+0.07°°y LOQ: 6 LOQT
Average 0.13£0.02 0.24%0.03 0.20£0.03 11.87%1.37
Minimum Values 0.11£0.02 0.14+0.02 0.13+0.02 8.77+0.65
Maximum Values 0.22+0.04 0.48+0.03 0.48+0.03 21.85+1.74
F 23.242 9.324 29.901 33.878
Sig' *kk *kk *kk *kk
A F 87.159 71.396 56.695 80.655
rea i *kk *kk *kk *kk
Sig.
Var F 97.092 1.469 34.672 62.417
arlety I *kk H *kk *kk
Sig. in
v F 1.465 2.954 35.014 32.436
ear i H i *kk *kk
Sig. in in
[18] 0.86+0.55
[23] 0.41 0.55 7.10
[15] 0.22 0.56 5.24
[24]

Average value * standard deviation (n = 3). Romans letters represent the significance of the variety difference
(p < 0.05). Greeks letters represent the significance of the same variety cultivated in other year’s difference (p
< 0.05). The difference between any two values, followed by at least one common letter, is insignificant. M.L.A.
- maximum limit allowed (OIV, 2005); LOQ - lower than the limit of quantification; Cu* = (mg/L); Cu** = (ug/L);
Mn*** = (mg/L). M Ott. = Muscat Ottonel; F a. = FeteascaAlba; F r. = Feteasca Regala; F n. = Feteasca
Neagra; M = Merlot; C s. = Cabernet Sauvignon.

As and Co content in wine ranged from [21.85%1.74 ug As/L;
8.7710.65 ug As/L] and [7.80+0.25 pug Co/L; 3.32+0.25 pg Co /L] with an
average value of 11.87+£1.37 ug As/L and 5.17+0.51 pg Col/L. In both cases
the maximum concentration were recorded in wine obtained from varieties
cultivated in the Bujoru wine-growing center [21.85+1.74 ug As/L (Muscat
Ottonel 2017); 7.80+0.25 pg Co/L (Cabernet Sauvignon 2015)] and in
Smulti wine-growing center [21.12+1.34 pg/L As (Feteasca Neagra 2017);
7.6510.42 ug/L Co (Feteasca Alba 2016) and 7.23+0.30 ug/L Co (Feteasca
Neagra 2015)]. The average data shows that a higher concentration of As
was obtained in white wines (12.45 ug/L) as compared to red wines (11.42
Mg/L), while the higher concentration of Co was recorded for red wines
(5.58 pg/L) as compared to white wines (5.09 ug/L) (Table 1). The results
are comparable with those obtained in Serbia [13] 16.1 pg/L (As) for red
wines and 9.46 (As) ug/L for white wines, in Macedonia [14] 11.7 ug/L (As)
by using the same microvinification technology, in Romania [15] 21.12 ug/L
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(As) and 154.90 ug/L (Sr), and higher compared to the results obtained in
Italy [16] 2.91 pg/L for As, but for Sr the results obtained are significantly
lower compared to the results obtained in lItaly [16] 1340 pg/L (Sr).
Regarding Co concentration the results agree with other studies made in
Macedonia [12, 14] 3.9 ug/L and 13.90 ug/L for Co, and in Serbia [13] 3.89
Mg/L (Co) for red wines and 3.96 (Co) ug/L for white wines.

The mean contents of Ni, Cr and Mn were 312.32+2.42 ug NilL,
526.191£2.63 pg Cr/L and 0.5910.08mg Mn/L, in case of Ni the highest
concentrations were recorded in wine obtained from varieties cultivated in the
Bujoru wine-growing centre Feteasca Alba (462.48+4.02 ug Ni/L (2017))
followed by the same variety but cultivated in the Oancea wine-growing center
(433.76£2.96 ug Ni/L (2016)). Cr was recorded the highest concentrations in
wine obtained from varieties cultivated in the Oancea wine-growing center
(923.62+2.05 pg Cr/L (2016)), followed by the same variety but cultivated in
the Bujoru wine-growing center (843.99+3.89 ug Cr/L (2016)). Regarding Mn
concentration from wine samples, the highest concentrations in wine obtained
from varieties cultivated in the Bujoru wine-growing center (0.92+0.05 ug Mn/L
(2016)). The results agree with those made in Turkey [17] 520 ug Ni/L, in
Romania [18] 147.73 pg Cr/L and significantly higher than obtain in Serbia [8]
5.49 ug Cr/L red wines and 6.56 ug Cr/L white wines, in Italy [16] 54.57 ug Ni/L
and 19.68 pg Cr/L, in Macedonia [14] 32.10 pyg Cr/L and 10.20 ug CriL, in
Romanian [18] 805.89 ug Mn/L.The results indicated that Romanian wines are
moderately rich in Cr (Table 2).

The concentration for Cu ranged from 0.45+0.10 mg/L to 0.90+0.04
mg/L, with average values of 0.67+0.09 mg/L, the latter value approaching
the law limit (1 mg/L). The four samples [Merlot 0.82+0.07 mg/L Bujoru
wine-growing center (2015), Feteasca Alba 0.83+0.05 mg/L Smulti wine-
growing center (2015), Merlot 0.83£0.05 mg/L Smulti wine-growing center
(2015) and Cabernet Sauvignon 0.83+0.08 mg/L Oancea wine-growing
center (2015)] showed relatively high concentration of Cu. Wide rages for
Cu concentration in wines have been previously found and reported by other
researchers in Brazil [19] 0.056-0.764 mg Cu/L, in Hungary [20] 0.031-0.313
mg Cu/L, in ltaly [21] 0.50-1.00 mg Cu/L and in Greece [22] 0.076-0.114 mg
Cu/L (Table 2).

Reporting the obtained results [Cd average 0.13+0.02 pg/L (0.1mg/kg
M.L.A. = Maximum Limit Allowed) Pb average 40.64+1.85 ug/L (0.15 mg/kg
M.A.L); As average 11.87+1.37 ug/L (0.2 mg/kg M.A.L); Cu average
0.67+0.09 mg/L (1 mg/kg M.A.L) to national and international legislation we
can say that the wine from Dealu Bujorului vineyard falls within the limits
set by the law (Table 2).
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Table 2. Variation of the metal content of white and red wines from Dealu Bujorului

Vineyard (ug/L)

© %’ 5 Co Cu** Ni Cr Mn***
Q = ] M.L.A. M.L.A. M.L.A. M.L.A. M.L.A.
< 2 > - 1 mg/L - - -
M 2015 4.77+0.36"™"'5e¢ 0.63+0.139" ™ Byd 365.61+3.67°¢ 357.82+1.52%A 0.32+0.04™n
ott 2016 3.34+0.28"n 0.57+0.05%™ 5 247.11£1.69"1 475.63+2.84™n 0.31£0.05°n
2017 5.28+0.249mo0yge 0.66+0.08%H qByd 258.24+3.42%0 629.48+4.51"y 0.49+0.05"Km g
2015 3.41+0.21%n 0.67+0.08%MK By 450.74+1.74°y 248.33+1.057¢ 0.59+0.12%M 5¢
FA. 2016 4.67+0.19msugel 0.68+0.025%HoByd 453.01+2.03%By 351.43+1.65°A 0.43+0.154™¢n
o) 2017 4.40£0.79™"SUeZn 0.69+0.02%0KaR\S 462.48+4.02°a 356.59+2.38KA 0.61+0.05%" &g
*qc: 2015 5.26+0.579KmMPyEe 0.66+0.08%0"H oByd 415.61+3.737¢  479.64+1.53™¢n 0.30£0.05°n
O FR. 2016 3.86+0.52""(n 0.76+0.20%%0% RS 361.63+3.069C 485.43+4.104C 0.66+0.04%"yd
2 2017 6.42+0.81°Whigy  0.62+0.04"Km S 256.15+2.98'0 527.25+5.41¢ 0.59+0.089" 5¢
2 2015 5.74+0.83°0"kmyg  0.83+0.05%* o 456.81+2.10°B 458.32+1.48"0 0.83+0.07°* 0
o FN. 2016 7.20£0.92%¢qR 0.75+0.10%0k RS 455.82+0.62°Ry 747.70+2.343  0.65+0.10%"yd
-g. 2017 5.52+1.0199%™Moyge  0.85+0.02%%q 146.07+0.95°  329.35+4.51'u  0.86:0.02%*0
0 2015 7.21+0.90%oB 0.82+0.07 0By  246.47+2.32%1 786.98+2.93°a 0.52+0.0695e]
M 2016 5.76+0.92¢0Mkmyg  0.77+0.13FNoRyS 324.92+4.96n 434.20+2.62°1 0.65+0.03%"yd
2017 4.09+0.50%Ugn  0.70+0.08MoRyd 327.25+5.414n 362.52+4.14'k  0.64+0.13%%\d
2015 4.43+0.81™PUgZn 0.63+0.139Hmyd 328.62+3.03"n 543.64+7.59'5 0.77+0.02%*Ry
CS. 2016 7.80+0.25%a 0.83+0.08% 426.42+5.03°5 624.55+4.12"y 0.92+0.05%a
2017 5.30+0.229"Kmoyge  0.79+0.213%0N oBy  246.14+2.66%1 256.82+5.52'v 0.80+0.07%%aB
M 2015 6.4620.75™0By5 0.66£0.10°*"MBy  326.79+2.60"y 567.14+1.04'0 0.870.09”«
Ott 2016 3.69+0.96™6 0.550.10"yd 333.77+3.19B 843.99+3.89%a 0.59+0.06" 5]
" 2017 6.60£0.86®9oRy 0.65+0.18°NK By 343.81+2.30"a 798.24+0.19°B 0.83+0.05% aBy
2015 6.32+0.61%*0RySe  0.83+0.05%* o 326.46+2.32¢y 784.21+2.9496 0.66+0.10%°Byd
FA. 2016 7.65+0.42%q 0.72+0.176 MRy  284.29+3.68°¢ 658.70+3.85' 0.73+0.16™*ay
5 2017 6.06+0.79%¢Nky&eZ 0.87+0.03%a 301.09+3.62"d 791.29+3.25°y  0.73+0.21™%qRy
g 2015 4.76+0.35KmPsty  (0.75+0,05%NK g3 177.40+2.47*A 325.14+4.02'y  0.85:0.15%° 0
O FR. 2016 5.74+0.54%%"\5edn 0.83:0.05%% o 201.26+4.29"k 488.30£0.81%A 0.59+0.059" §¢g
e 2017 5.55+0.67%"ydedn 0.86+0.02%a 205.82+0.55"1 576.04+4.99'n 0.65+0.10%9Ryd
s 2015 7.23:0.30%0B 0.66+0.01%8K By 208.14+1.03'Ik 216.71+2.52*Tr 0.41+0.05X™°¢
= FN. 2016 6.20+0.97%9%BydeC 0.7110.15% KBy  146.2622.53°\ 578.74+3.72'n 0.60+0.04%%5e]
E 2017 5.66+0.63%Mydeln 0.76+0.022%hkqR  178.16+1.00VA 657.35+2.58'C 0.79+0.10%aBy
2] 2015 5.36+0.359"™0ge7n 0.72+0.155%F MRy  346.68+2.17"a 494.95+2.59%k  0.54+0.11%keg
M 2016 5.07+0.42fkmeorgn  (0.80+0.042°%€0 R  288.40+0.86°¢ 537.43+4.69"1  0.61+0.06%" &
2017 5.56+0.66 ydeZn  0.83+0.05** 0B 323.49+2.08'y  750.93+4.53% 0.66+0.12*0Ryd
2015 3.70+0.17~"0 0.45+0.10™0 267.82+1.547( 243.00+1.76"0 0.64+0.10%"Se
C S. 2016 5.20+0.349%m®efn  0.57+0.074myd 241.85+5.518 316.56+3.75"v 0.66+0.10%°Byd
2017 5.89+0.29°%deln 0.80+0.04%0gR  255.81+4.96'n 417.66+2.19°¢ 0.69+0.13%aBy
M 2015 3.32+0.80"d 0.63+0.069™"y5  262.36+2.42%( 851.09£1.36%y 0.660.10°%"By
S ot 2016 3.59£0.52%"y5 0.60£0.13"Km g 263.9242.54°¢ 923.62+2.05%a 0.49£0.07"%™ 5¢
% " 2017 4.95+0.72K™P>Byd 0.55+0.10™5 177.36£2.431  872.86+4.02°B 0.64+0.06™"By
8 2015 4.17+0.05™"VByd 0.65+0.10°9HByS  454.40+2.72%a 867.66+3.50°B 0.57+0.02%"kyd
FA. 2016 6.93+0.69%%q 0.90+£0.04°a 433.76+2.96% 734.62+6.94°C 0.59+0.05%" y5
2017 5.20+0.66%9"moP Ry 0.71+0.06%RHByS 329.59+1.41%y 818.49+5.66°5 0.65+0.01%" Ry
2015 4.70+0.50™PsU Byd 0.71+0.155RHMByE  307.62+2.65M5 761.45+5.53% 0.65+0.10%" By
© F R. 2016 5.17+1.71%nkmnop @y 0 59+0.12"Km g 270.23+4.01P¢  821.61£2.00°5 0.84+0.05**a
s 2017 5.05+0.14"kmoer @y 0,69+0.05°%8K By 303.15+4.35™5 819.25+4.03°8 0.77+0.062* 0
- 2015 4.99+0454™Byd  0.63+0.13°0HmyE  147.17+0.99°A 355.90+1.74% T 0.37+0.16™°€f
8 FN. 2016 4.86+0.314m<PsRyd 0.79+0.09% By  159.14+1.41"k 323.92+4.09'p 0.55+0.10%"yd
& 2017 5.83+1.45%6KmgR  (0.65+0.17°9kmByS  198.72+0.74'0 408.55+4.45°v 0.59+0.12%yd
o M 2015 6.69+0.49% o 0.60+0.04"km & 268.64+4.837 ¢ 478.45+2.86™k 0.47+0.08"™ &¢

2016 5.52+1.67¢8KmM0 R 0.62+0.08"Hm g 327.49+£2.07"y 429.95+1.18°0 0.53+0.02%"yd
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© %’ . Co Cu* Ni Cr Mn***
o = 3 M.L.A. M.L.A. M.L.A. M.L.A. M.L.A.
< = _~ 1 mg/L - -

2017 5.07+0.90Mkmoer @y 0.60+0.02"Hm 338.65+1.81'3 520.36+1.50A 0.55+0.049kyd
2015 4.16+0.20™Byd 0.83+0.08%% o 264.48+1.53° 651.07+1.34'n 0.66+0.10%"Ry

CS. 2016 4.86+0.88™P=Ryd 0.59+0.12%"5 180.11£2.26*6 635.9745.2290 0.27+0.03°C
2017 5.47+1.159™0 R  0.56+0.104"d 249.66+1.50'n 530.39+1.5111  0.34+0.03™°C
Average 5.17£0.51 0.67+0.09 312.32£2.42 526.19+2.63  0.5910.08
Minimum Values 3.32+0.80 0.45x0.10 146.07£0.95 216.71x2.52  0.27+0.03
Maximum Values 7.80+0.25 0.90+0.04 462.48+4.02  923.62+2.05  0.92+0.03
F 7.227 3.259 2799.869 9054.214 9.566
Sig. *kk *kk *kk *kk *kk
A F 11.926 6.757 12472.658 36450.815 19.617
rea Sig. ok o ik ok ok
. 9.653 7.235 8554.109 19135.062 3.668
Variety Slg *kx Hekk Hekek *kk %
Y F 2.175 0.940 2630.180 3876.973 11.399
ear . : ; Hekk *kk Hkk
Sig. in in
[18] 2.08+1.19 154.39+£73.45* 18.39£1.19 146.18+70.96
(23] 465 24.90
[15] 2.50
[24] 42.06 2594.79** 322.73 1725.80

Average value + standard deviation (n = 3). Romans letters represent the significance of the variety difference
(p < 0.05). Greeks letters represent the significance of the same variety cultivated in other year’s difference (p
< 0.05). The difference between any two values, followed by at least one common letter, is insignificant. M.L.A.
- maximum limit allowed (OIV, 2005); LOQ - lower than the limit of quantification; Cu* = (mg/L); Cu** = (ug/L);
Mn** = (mg/L). M Ott. = Muscat Ottonel; F a. = FeteascaAlba; F r. = Feteasca Regala; F n. = Feteasca
Neagra; M = Merlot; C s. = Cabernet Sauvignon.

Combining multielement analysis from wine samples for discrimination
analysis

Multivariate chemometric method was used as a supervised learning
technique for the differentiation of wines intro groups on the basis of grape
variety and year of production and finding markers which showed a significant
discrimination value (variables with Wilk’s lambda near zero, p value <0.05 and
higher F coefficients). Stepwise linear discriminant analysis (LDA) was used to
identify significant tracers for classification to the geographical discrimination of
the wines samples. Stepwise Discriminant Analysis (LDA) was used to
designate suitable variables for classification of the samples, eliminating the
variables that do not contribute to discrimination of the wine.

In order to validate the proposed statistic model, based on variables
which showed higher significance in first LDA assessment, we performed a
second Liniar Discriminant Analysis (LDA) for the test set consisting of
wines used to build statistical model (training set) together with data from
other wine samples that are not included in the first LDA (control-set).
Cross-validation was applied to determine the optimal number of variables
required to obtain robust models.
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Variables (axes F1 and F2: 100.00 %)
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Figure 1. Correlation between analyzed parameters and the factors in discriminant
analysis the origin of the wine

In this study, the content of certain wines shows high concentration
of metals, but not exceeding the maximum recommended by International
Organisation of Vine and Wine [25], and this mostly due to agricultural
practices, fertilizers and technological winemaking processes.

Elements like Pb, Cu, Ni, Cd, U and Hg showed a high
discriminatory power for geographic origin of Romanian wines, but
additional new elements (Mn, Cr) have been investigate in order to identify
new tracers for geographical traceability of Romanian wines. The wines
obtained in the three wine-growing centers can be geographical fingerprints
based on the concentration of Pb, Cu, Ni, Cd, Hg, Mn, Cr, U.

The cross-validation technique provided a 100 % percentage of
predicted membership according to the origin of the wine (F1 = 75.45 %
and F2 = 25.55 %). The linear correction revealed acceptable scores for the
two defined discriminant factors (F1 and F2) (Figure 1). A significant
differentiation of wines according to wine-growing centers and year of
wine production was carried out for wines samples, which demonstrates
the importance of elemental profile for the geographical traceability of
wines (Figure 2).
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Figure 2. Differentiation of wines based on element contents

Heat map was used to discover sample groups, discover groups
and also to discover related sample/feature groups. In case of elemental
contents from wine, the dendrogram (horizontal dendrogram) clearly show
two cluster, first cluster is formed from the Co, Cd, U, Hg, Mn, Cu, As and
second cluster was formed from Ni an Cr. Based on this distribution it can
be seen that the Cr recorded the highest concentration followed by Ni. The
vertical dendrogram show also two cluster, the first M Smu. 2015, C S. Bu,.
2015, F R. Buj. 2015, M Buj. 2017, M Oan. 2016, M Oan. 2015, F R. Smu.
2015, F R. Buj. 2017, C S. Smu. 2017, F A. Buj. 2017, F A. Buj. 2015, C S.
Buj. 2017, C S. Smu. 2016, F N. Oan. 2016, F N. Oan. 2015 and second
cluster was formed from F A. Smu. 2017, M Ott. Smu. 2017, M Ott. Smu.
2016, F R. Oan. 2015, M Ott. Oan. 2017, F R. Oan. 2016, M Buj. 2015, F
A. Oan. 2016, F R. Smu. 2017, C S. Oan. 2016, F A. Smu. 2016, M Ott.
Buj. 2017. Based on this distribution in can be seen that there is a
separation of wine varieties depending on elemental contents, except for a
few varieties that do not fit into this rule (F R. Buj. 2015, F R. Smu. 2016, F
R. Buj. 2017, F A. Buj. 2017, F A. Buj. 2015 (which have been introduced in
red wine cluster) and M Buj. 2015, C S. Oan. 2016 2015 (which have been
introduced in white wine cluster) (Figure 3).
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Figure 3. Heat map obtained by cluster analysis of the element contents

CONCLUSIONS

In this work the elemental composition of white wines (Muscat Ottonel,
Feteasca Alba, Feteasca Regala) and red wines (Feteasca Neagra, Merlot,
Cabernet Sauvignon) production years 2014-2016 from Bujoru, Smulti and
Oancea wine-growing centers was studied in order to highlight geographical
traceability of elemental composition for fingerprints of the wines.

Concentration of Cd, Pb, As and Cu heavy metals in analysed wine
samples were under Maximum Limit Allowed (M.L.A.), respectively as
published by the Organization of Vine and Wine. The content of potentially
toxic elements such as Cd, Pb, U, Hg, As, Cu, Ni, Cr and Mn are lower than
the recommended values found in literature, highlighting the safety and
quality of the analysed Romanian wines.

EXPERIMENTAL SECTION
Study area

A total of 162 wine samples were analysed (3 white wines and 3 red
wines). Samples originated from Bujoru, Smulti and Oancea wine-growing

centers part of Dealu Bujorului vineyard (45°52'10" N, 27°55'8"E). The Dealu
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Bujorului vineyard is characterized by an alternate landscape, from flat to hilly
areas, with altitude between 100 and 225 m and the predominant soil is
levigated chernozem having a clayey sand texture with pH between values 7.4
and 8.1. Although they have moisture deficit, natural conditions (ecoclimatic
and ecopedological) offer viable ecosystem for the development of vineyard.
The vineyard is crossed by the parallel 46° latitude north, intersected by the 28°
longitude meridian. Dealu Bujorului vineyard belongs to Galati country. The
specificity of the transition area is highlighted by the predominance of deposits
of clays and sands. Versants were made from clay deposits and sandy sands.

Sample collection and microvinification process

The samples used in this experiment were obtained from the wines
produced from Muscat Ottonel, Feteasca Alba, Feteasca Regala, Feteasca
Neagra, Merlot and Cabernet Sauvignon under the conditions of 2015,
2016 and 2017. The wine samples resulted from micro-wine production.
Micro-wine production was done according to the methodology describe by
Bora et al. [26]. All wines were providing by the wineries as finished wines
in 750 mL bottles with cork stoppers and were stored at 3-4°C before
analysis. All vines were planted since 1979, and the vine plantation was
organized with 2.2 x 1 m distance between rows and plants. Vines were
pruned according to the Guyot system and were grown on speliers.

Reagents and solutions

Ten elements (Cd, Pb, U, Hg, As, Sr, Co, Cu, Ni, Cr and Mn) were
determined in order to assess their ability to discriminate wines by
geographical origin. The analysis was made using multielement analysis and
ICP-MS technique, after an appropriate dilution, using external standard
calibration method. The calibration was performed using XXICertiPUR
multielement standard, and from individual standard solution of Cr and Hg. The
working standards and the control sample were prepared daily from the
intermediate standards that were prepared from the stock solution. The
intermediate solutions stored in polyethylene bottles and glassware was
cleaned by soaking in 10% v/v HNO3 for 24 hours and rinsing at least ten
times with ultrapure water (18.2 MQ cm™' ultrapure water-Types 1). The
accuracy of the methods was evaluated by replicate analyses of fortified
samples (10 uL-10 mL concentrations) and the obtained values ranged
between 0.8-13.1 percent, depending on the element. The global recovery
for each element was estimated and the obtained values were between
84.6-100.9% [27].
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For quality control purpose, blanks and triplicates samples (n = 3)
were analyzed during the procedure. The variation coefficient was under
5% and detection limits (ppb) were determined by the calibration curve
method. Limit of detection (LoD) and Limit of quantification (LoQ) limits
were calculated according to the next mathematical formulas: LoD = 3SD/s
and LoQ = 10 SD/s (SD = estimation of the standard deviation of the
regression line; s = slope of the calibration curve) (Table 3).

Table 3. Instrumental conditions for the determination of each element
(ICP-MS technique)

Element Corre_la_tion LoD* LoQ*** BEC**
coefficient (pg/L) (ng/L) (ng/L)

Cd 0.9999 0.0202 0.0673 0.027
U 0.9999 0.0253 0.0842 0.005
As 0.9999 0.2335 0.7776 0.538
Co 0.9999 0.0365 0.1215 0.152
Ni 0.9999 0.0591 0.1968 0.091
Pb 0.9999 0.0003 0.0010 0.002
Hg 0.9999 0.0417 0.1379 0.128
Sr 0.9999 0.1434 0.4775 0.955
Cu 0.9999 0.0402 0.1339 0.237
Cr 0.9999 1.6630 5.5378 0.636
Mn 0.9999 0.0100 0.0340 0.085

*Detection limit; **Background equivalent concentration; ***Quantification limit.

Sample preparation for determination of heavy metals and isotopic
ration from wine using ICP-MS.

For the determination of elements from wine samples were used an
amount of 0.5 mL wine and diluted to 8 mL (7 mL HNO3 65%+1 mL H>O5)
the obtained solutions were placed in a clean Teflon digestion vessel, after
15-30 minutes the mineralization was performed using a microwave system
Milestone START D Microwave Digestion System set in three steps: step |
(time 10 min., temperature 200°C), step Il (time 15 min., temperature
200°C) and step Il (time 40 min., ventilation - temperature 32°C). After
mineralization, samples were filtered through a 0.45 mm filter and brought
to a volume of 50 mL with HNO3 1%.

In order to confirm the best-chosen conditions for wine digestion
standard additions for checking accuracy of the microwave digestion and
recoveries were calculated (Table 4). The digestion seemed visually
completed in all of the combinations, but the spiked recoveries showed
significant differences for total elements content (p - Value = 0.005).
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Table 4. Standard additions for checking accuracy of the microwave digestion
ICP-MS method (n = 3) (SRM 1643e)

El Certified Concentration | Measured Concentration
ement
(mg/L) (mg/L)

Cd 6.568+0.073 6.473+0.106
U 9.99410.016 9.981+0.012
As 56.85+0.37 53.09+0.31
Co 27.06+0.28 24.13+0.06
Ni 62.41+0.69 61.32+0.21
Pb 19.63+0.21 19.13+£0.09
Hg 0.1016+0.0017 0.1102+0.0012
Sr 314.00£19.00 314.09+£09.06
Cu 21.44+0.70 21.25+0.21
Cr 18.32+0.10 19.18+0.21
Mn 38.02+0.44 33.04+0.05

Instrumentation

The determination of metals was performed on mass spectrometer
with inductively coupled plasma, (ICP-MS) iCAP Q Thermo scientific model,
based polyatomic species before they reach the quadrupole mass
spectrometer, using a PFA micro flow concentric nebulizer. The argon used
was of 99.99% purity (Messer, Austria). The instrument was daily optimized
to give maximum sensitivity for M* ions and the double ionization and oxides
monitored by the means of the rations between Ba?'/Ba* and Ce?*/CeO*,
respectively, these always being less than 2%. The experimental conditions
were: argon flow on nebulizer (0.82 L/min.), auxiliary gas flow 0.80 L/min.,
argon flow in plasma 15 L/min., lens voltage 7.30 V; RF power in plasma 1100
W, spray chamber temperature (2.42+1.00°C). Accuracy was calculated for
the elements taken into consideration (0.5-5.0%).

Statistical analysis

The statistical interpretation of the results was performed using the
Duncan test, SPSS Version 24 (SPSS Inc., Chicago, IL., USA). The statistical
processing of the results was primarily performed in order to calculate the
following statistical parameters: average and standard deviation. This data
was interpreted with the analysis of variance (ANOVA) and the average
separation was performed with the DUNCAN test at p < 0.05. Multivariate
chemometric method was used as a supervised learning technique for the
differentiation of wines intro groups on the basis of grape variety and year
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of production and finding markers which showed a significant discrimination
value (variables with Wilk's lambda near zero, p value <0.05 and higher F
coefficients). Stepwise linear discriminant analysis (LDA) was used to identify
significant tracers for classification to the geographical discrimination of the
wines samples. Stepwise Discriminant Analysis (LDA) was used to designate
suitable variables for classification of the samples, eliminating the variables
that do not contribute to discrimination of the wine. In order to validate the
proposed statistic model, based on variables which showed higher
significance in first LDA assessment, we performed a second Liniar
Discriminant Analysis (LDA) for the test set consisting of wines used to
build statistical model (training set) together with data from other wine
samples that are not included in the first LDA (control-set). Cross-validation
was applied to determine the optimal number of variables required to obtain
robust models. Linear discriminant analysis (LDA) was performed using
Microsoft Excel 2016 and XLSTAT Addinsoft version 15.5.03.3707.
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