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ARTICLE INFO ABSTRACT

Keywords: Human health hazards appear in wine production. Wineries have implemented food safety
Food safety management systems to control food hazards through Hazard Analysis Critical Control Point
Food hazards (HACCP). Wine-making industry applies HACCP by evaluating Critical Control Points (CCPs). One
H“?‘?CP X of the CCPs that exhibits inadequate control is the potential contamination risk of arsenic, cad-
Critical control points

mium, and lead throughout the winemaking procedure. Wineries performance level about con-
trolling CCPs related to contamination risk by arsenic, cadmium and lead in the winemaking were
analyzed. A sixteen-question questionnaire was made to achieve this research. Three indicators
were calculated for training, legislation, and analysis performance components in CCPs control.
Results revealed that wineries fault in analysis and legislation components. Identification and
updating of legislation about As, Cd and Pb contamination risk is in starting performance level for
wineries that produce less than 250,000 L/year wineries. Analysis performance level is even
lower than legislation. Only one out of every three wineries possess information regarding the
concentrations of arsenic, cadmium, and lead in the soils of vineyards where grapes are culti-
vated. Furthermore, the availability of data on their available concentrations in the soil solution is
even more limited. Those wineries that controlled As, Cd and Pb concentrations make it according
to official recommendations using techniques based on atomic absorption spectrometry. How-
ever, there is a lack of this spectrometry equipment in the wineries own laboratories.

Beverages

1. Introduction

Food hazards in winemaking arise from various sources, including improper practices by winery staff, equipment and infrastructure
used in winemaking, and environmental factors. Cross-contamination and allergens have been identified as the primary causes of food
safety incident [1]. The accumulation of residues, which can have physical, chemical, or microbiological origins, is a major concern in
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wine production. In this context, studies have shown that excessive intake of ions such as arsenic, lead and cadmium can be toxics for
human health [2,3].

Metals and metalloids present in grapes primarily come from the soil and the application of fertilizers, pesticides, and fungicides
containing substances like cadmium, copper, manganese, lead, or zinc [4]. Spanish soils naturally have elevated concentrations of
these elements, particularly arsenic [5-7]. High arsenic concentrations in vineyard soils in central Spain have been reported by
Jimenez-Ballesta (2023) [8]. Andersson and Nilsson found that chemical elements like cadmium, lead and arsenic from sewage sludge
fertilization (84 t/ha) remained in the top 20 cm of the soil for twelve years [9]. However, vines and grapes are not hyperaccumulators
of potentially toxic soil elements (PTEs), with higher concentrations of PTEs found on the outer parts (leaf and petiole) compared to the
inner parts of the grape (skin, pulp, and seed) [10].

Controlling metals and metalloids food hazards is achieved by addressing associated food risks. Wineries utilize Food Safety
Management Systems (FSMS) as to manage these risks. Good manufacturing practices (GMP) in winery operations establish hygienic
conditions aimed at preventing the presence of hazardous agents [11].

FSMS typically include Prerequisites Programmes (PRPs) [12] and a Hazard Analysis Critical Control Point (HACCP) [13,14] in
accordance with the reference regulatory framework in the European Union [15]. PRPs ensure appropriated environmental and
operational conditions necessary for producing safe and healthy food. PRPs address issues to the supply and use of sanitary water,
equipment and facility cleaning and disinfection, pest control and prevention, good manufacturing practices or staff knowledge of food
safety, allergens and food traceability [16].

HACCP is a globally recognized and standardized methodology for ensuring food safety. It is based on seven principles that focus on
identifying and controlling food safety hazards. The first three principles involve hazard identification, determining CCPs and
establishing of critical limits of these CCPs to ensure food safety [17,18]. Also, a HACCP plan encompasses control measures that can be
employed to proactively prevent, mitigate, or eliminate potential hazards. Regular monitoring and verification procedures, including

Table 1
Main CCPs and oPRPs in the production of young wine.
Wine-making process steps Critical Control Point vs Operational Prerequisite Programme
Harvest and grape transportation oPRP 2.1 Vineyards inspection prior to the harvest to know the general condition of the
grapes.

oPRP 2.2 Vineyards inspection during the harvest to know the state of grapes.
oPRP 2.3 Time control that takes to transport the harvest to the winery.
Harvest reception in winery oPRP 3.1 Control of residues of fungicides and/or pesticides existing in grapes intended
for winemaking.
oPRP 3.2 Mycotoxins control from grape rot.
oPRP 3.3 Control of the presence of contamination by plant debris, dust and/or metallic

elements.

CCP 3.1 Control of the presence of contamination by metals (Cd, Pb, As) in the grapes.
Pre-hatching treatments oPRP 4.1 Control of the cleanliness of the tanks to eliminate residues of microorganisms.

oPRP 4.2 Control of the absence of cleaning and disinfection products in the tanks.
Grape crushing and must pumping oPRP 5.1 Control of the cleanliness of crushing equipment.

oPRP 5.2 Control of the absence of cleaning and disinfection products in tanks, press and
pumping equipment.
CCP 5.1 Control of the wort maintenance time in the crusher.

Sulphited and vatted oPRP 6.2 Control of the absence of microorganisms in equipment and tanks.
CCP 6.1 Control of the safety and purity of additives
Alcoholic fermentation, maceration, vat emptying, pressing and oPRP 7.1 Control of the concentration of ethylocarbamate in fermented must.
malolactic fermentation oPRP 7.2 Control of hygiene during racking and pressing operations.

oPRP 7.3 Control of the cleanliness of pressing equipment.
CCP 7.1 Control of sulfur dioxide in fermented must.
CCP 7.2 Control of the purity and safety of yeasts.
CCP 7.3 Temperature control during fermentation.
CCP 7.4 Control of the pH of red wine during malolactic fermentation.

Racking, clarification, and filtration oPRP 8.1 Control of the cleaning procedures of tanks and transfer equipment.
oPRP 8.2 Control of maintenance and cleaning procedures of the facilities.
oPRP 8.3 Control of hygiene operations during clarification and filtering operations.
oPRP 8.4 Control of the absence of cleaning and disinfection products in tanks and
equipment.
oPRP 8.5 Control of the absence of foreign elements from the filters in red wine.
CCP 8.1 Control of the purity and safety of agents used as clarifiers in red wine.
CCP 8.2 Control of the absence of residues of agents used as clarifiers in red wine.

Cold stabilization CCP 9.1 Control of limit concentrations of metals (traces of As, Cu, Pb) in red wine.
CCP 9.2 Control of the additives used are those allowed by current food legislation.
Bottling and labelling oPRP 10.1 Control of bottle cleaning procedures.

oPRP 10.2 Control of maintenance and cleaning procedures of the red wine bottling line.
oPRP 10.3 Control of the correct coding of the labels used on the bottles.

oPRP 10.4 Control of correct allergen information on labels used on bottles.

CCP 10.1 Microbiological control of the bottling line of red wine and bottles.

CCP 10.2 Microbiological control of the cork stopper or similar used for closing the
bottles.
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rigorous testing, serve to validate the efficacy of CCPs, with swift corrective actions promptly implemented upon detecting any
contamination. Meticulous documentation and comprehensive record-keeping throughout the entire HACCP process stand as
imperative requirements for ensuring adherence to regulatory standards and facilitating traceability.

A critical control point (CCP) is a point in a step or procedure at which a control must be applied and is essential to prevent or
eliminate a food safety hazard or reduce it to an acceptable level [1]. Conducting a hazard analysis of CCPs enables the identification,
evaluation, and control of significant CCPs throughout the food production process. Once potential hazards are identified, their status
as a CCP is assessed, and reference limits or critical limits are established through the implementation of preventive measures to
prevent deviations from these limits [13,16,19]. Identification of CCPs is executed by employing the decision tree framework as
outlined by Codex Alimentarius, which was further tailored with ISO 22000: 2018 (E) criteria [20]. This procedure helps determine
whether the hazards can be effectively addressed as Operational Prerequisite Programme (0PRPs) or whether specific operational
protocols, including defined measures, are required for the management of CCPs [20,21]. Inadequate control of CCPs can lead to
contamination of grapes and wines with microorganisms, residues from phytosanitary products, or traces of heavy metal or metalloids
from soils.

Christaki, T. (2002) identified main CCPs in red wine production [22]. Benito, S. (2019) conducted a study on the identification and
control of CCPs during winemaking to mitigate the levels of various compounds, including biogenic amines, ethyl carbamate,
ochratoxin A, and sulfur dioxide [23]. Martinez-Rodriguez (2009) studied CCPs associated with microbial safety during wine pro-
duction, with a particular focus on Ochratoxin A [24].
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Table 1 shows main CCPs and oPRPs in the production of young wine based on previous research [20,22-25]. Fig. 1 shows a flow
diagram of wine-making process and corresponding CCPs to each stage of this process based on technical document [26] and Table 1.

Lopez-Santiago (2022) demonstrated that the presence of traces of heavy metals and metalloids in grapes and wines were inad-
equately controlled CCPs in wineries [27].

These metals and metalloids contamination hazards correspond to CCP 3.1, which involves controlling the presence of metals and
metalloids (Cd, Pb, As) in grapes at the Harvest reception stage in the winery, and CCP 9.1, which focuses on controlling the limit
concentrations of metals (traces of As, Cu, Pb) in red wine during the Cold stabilization stage in the flow diagram of the young wine-
making process as shown in Fig. 1.

According to Lopez-Santiago, fifty percent of the wineries exhibited a complete lack of control over the contamination hazards of
arsenic, lead and cadmium in grapes and wines [27].

Herce-Pagliai determined that the concentration of arsenic in Spanish wines ranged from 2.1 to 14.6 pg/L, and the average total
arsenic concentration was similar across all wine samples [28]. A review study by the Organisation Internationale de la Vigne et du Vin
(OIV) showed that Spanish wines consistently comply with lead concentration limits. The study analyzed sixty-five white and red
wines obtaining that lead concentration was below 0.05 mg/L [29].

International and national regulations establish maximum allowable levels of heavy metals and metalloids in grapes and wines to
prevent toxicity issues for consumers. The European legislative framework sets maximum permitted concentrations levels for arsenic,
lead and cadmium, along with guidelines for monitoring these levels [30-34]. According to OIV, the maximum acceptable limits for
certain metals in wine are 0.2 mg/L for arsenic, 0.01 mg/L for cadmium, 0.15 mg/L for lead [35]. German legislation sets 0.1 mg/L for
arsenic, 0.01 mg/L for cadmium, and 0.3 mg/L for lead, while Italian legislation sets it at 0.3 mg/L [36].

The control of metals and metalloids in grapes and wines is achieved through analytical methods recommended by the OIV, pri-
marily based on atomic absorption spectrometry due to its selectivity, sensitivity, and ability to directly measure these elements.
Graphite furnace atomic absorption spectrometry (GFAAS) or electrothermal atomization (ETAAS) are used for arsenic, cadmium, and
lead analysis. GFAAS allows detection limits to be lowered to the parts per billion (ppb) range with relative simplicity and eliminating
the need for prior extraction techniques [37]. Table 2 presents the OIV recommended methods for determining Arsenic [38], Cadmium
[39] and Lead [40] in wines and must.

Within this framework, the primary aim of this research is to assess the effectiveness of wineries in managing Critical Control Points
(CCPs) associated with contamination risks posed by arsenic, cadmium, and lead in grapes and wines. Additionally, the study aims to
develop a methodology for evaluating their advancement, incorporating the use of performance indicators within the HACCP plan to
highlight the element of training as a corrective action. Furthermore, the study aims to identify the challenges that impede achieving
adequate control.

Table 2
International methods to determine arsenic, cadmium, and lead in wines and must recommended by the OIV.

Element

Method

Summary

Arsenic

Cadmium

Lead

OIV-MA-AS323-01A
Determination of arsenic in wine by atomic
absorption spectrometer

OIV-MA-AS322-10
Determination of arsenic in wine by atomic
absorption spectrometer

OIV-MA-F1-10

Specific methods

Type IV method

Annex D: Heavy metals

D.1 Determination of lead level by Electrothermal
Atomic Absorption Spectrophotometry

This method is a recommended procedure for the determination of arsenic in wine using
GFAAS and hydride generation. The equipment required includes glassware, a water bath,
filters, and a spectrophotometer with specific instrumental parameters. Various reagents
such as nitric acid, potassium iodide, hydrochloric acid, sodium borohydride, and sodium
hydroxide are used. Calibration standards are prepared, and the sample preparation
involves evaporation, addition of potassium iodide and hydrochloric acid, and filtration.
The determination is performed by introducing the borohydride solution, hydrochloric acid
solution, and sample solution into the peristaltic pump. Calibration standards and samples
are analyzed, and the software establishes the arsenic concentration. Quality control is
maintained by including control samples from the Bureau Communautaire de Référence.
This method is a recommended procedure for the direct determination of cadmium in wine
using atomic absorption spectrometer. The apparatus required includes an atomic
absorption spectrophotometer with a graphite furnace, background correction, and a
recorder, as well as specific glassware and a cadmium hollow cathode lamp. Various
reagents, including phosphoric acid, ethylenediamine tetra-acetic acid solution, buffer
solution, and Eriochrome black T, are used in the analysis. The concentration of cadmium
sulfate is verified through titration with ethylenediamine tetra-acetic acid solution. The
procedure involves sample preparation, preparation of calibration standards, and
determination using specific furnace programming and atomic absorption measurements.
The results are expressed as the concentration of cadmium in micrograms per liter of wine.
This is an ETAAS technique for determining lead levels in grape sugar samples. It provides
instructions on reagents, equipment, calibration, safety precautions, and sampling. The
method covers a lead concentration range of 10 pg/kg to 200 pg/kg. The use of lead-free
reagents is emphasized, and calibration curves are used to calculate lead concentrations.
The apparatus required includes an atomic absorption spectrometer with specific settings.
The specific settings for the ETAAS method include using an electrothermal atomizer, a
hollow-cathode lamp for lead, a background noise correction device, and adjusting
temperature and gas flow rates for optimal measurement range and sensitivity. Zeeman
background noise correction is preferred to reduce interference. Precision parameters for
repeatability and reproducibility are provided for lead concentrations below 150 pg/kg.
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2. Materials and methods
2.1. Study design

The research study design was proposed by conducting a survey and its later analysis using right statistical methods. The sample
was selected among Spanish wineries from different wine regions. During last half of 2022, the survey was conducted, and then, SPSS
Windows software SPSS was used to analyse the data (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0.
Armonk, NY, USA: IBM Corp.). The calculated statistics were frequencies and central position values. Non-parametric tests were
estimated obtaining Spearman correlation coefficient (p) and Kendall’s Tau coefficient (t) for nonparametric data, with a significance
level of p < 0.01. Non-parametric Mann-Whitney U Test for two independent samples were applied, with a significance level of p <
0.05.

2.2. Sample selection

Spain had approximately 4133 wineries in 2020 [41] and one hundred and one Wine Protected Designation of Origin (WPDO) [42].
One hundred-thirty-nine wineries were selected from different WPDOs for this research. The sampling methodology selected was the
non-probabilistic method [43,44]. Researchers used previous information to make the sample selection, instead of random selection
[45]. The criteria for configuring the sample were that there was diversity in wineries' sizes according to their annual wine production,
wineries must belong to a WPDO, and has been HACCP implemented. Wineries were asked about their performance in controlling the
risk of arsenic, lead, and cadmium contamination critical control point in the winemaking.

The questionnaire was sent twice to all the wineries in the sample, and additionally, the questionnaire was sent once again to fifty of
them through the ’Contact’ section of their website. Thirty-two wineries answered the questionnaire, which represents 23 % of the
wineries sampled.

2.3. Survey preparation

The survey design consisted of a questionnaire divided into four sections, with a total of fifteen closed-ended questions. The
questions were developed based on previous research studies [2,3,10,19,29,46,47]. The questionnaire can be found in Appendix A.
This type of questionnaire is commonly used in causal, descriptive, and conclusive research [48]. Fig. 2 illustrates the questionnaire
structure, including the contents of each section, and the questions and variables in each section.

Question G.1 determined winery size based on yearly wine production and assigned winery groups to cover all responses. Questions
G.2 and G.3 are dichotomous (yes/no) questions about PPR and HACCP implementation and, Question G.4 inquired about the number
of winery staff.

Question G.5 focused on the number of workers trained in Good Manufacturing Practices (GMP). It utilized a qualitative scale and a
quantitative variable represented by a Likert scale (ranging from 0.33 to 1). Variable Vg5 indicated the level of GMP training among
workers, with values of 0.33 representing "No workers have GMP training," 0.66 representing "More than half of workers have GMP
training," and 1 representing "All workers have GMP training."

Similarly, question G.6 asked about the number of workers trained in the control and monitoring of CCPs. It also utilized a

1

+ SIX questions related to annual wine production of each winery, implementation of PPRs and

SECTION HACCP, number of winery staff, and the knowledge of food safety workers through their
training.

b * Questions: G.1,G.2, G.3, G4, G.5and G.6

+ Variables: Vg5 and ygg

+ TWO questions regarding the knowledge and use of the national legislation on food
SECTION contamination by arsenic, cadmium, and lead that the winery had.

0 * Questions: ID.1 and ID.2

+ Variables: V|p; and V,p,

» THREE questions regarding arsenic concentration, cadmium concentration, lead concentration,
SECTION pH, and soil electric conductivity in the vineyards soils where the grapes come from.

THREE + Questions: CS1,CS2 and CS3
+ Variables: Vg4, Vesz @nd Vess

+ FOUR questions about procedures and available means for chemical analysis in grapes and

SECTION wines that wineries had available. Also, information about the spectrometry equipment that is
FOUR necessary for the concentration control of arsenic, cadmium, and lead analysis.

* Questions: CB1,CB2, CB3 and CB4

* Variables: Vg1, Vegy, Veas and Vegy

Fig. 2. Structure of the questionnaire that encompassing four sections with its specific content.
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qualitative scale and a quantitative variable represented by a Likert scale (ranging from 0.33 to 1). Variable V¢ indicated the level of
workers trained in CCPs, with values of 0.33 representing "No workers have training in control and monitoring of CCPs," 0.66 rep-
resenting "More than half of workers have training in control and monitoring of CCPs," and 1 representing "All workers have training in
control and monitoring of CCPs."

Question ID.1 was a multiple-choice question assessing winery performance in identifying legislation related to arsenic, cadmium,
and lead. It was coded using a Likert scale, with the variable Vip; (ranging from 0.33 to 1) representing winery performance regarding
legislation identification. Question ID.2 was a dichotomous (yes/no) question asking about winery identification of updated infor-
mation from the Spanish Agency for Food Safety and Nutrition (AESAN) on heavy metals and metalloids food risk. Variable Vip, took
values of 0 for "No" and 1 for "Yes."

Question CS1 was a dichotomous (yes/no) question about winery information regarding vineyard soil physical and chemical
analysis. Variable V¢g; took values of 0 for "No" and 1 for "Yes." Question CS2 was a dichotomous (yes/no) question about winery
information regarding fertilizer use in vineyard soils. Variable V¢gs took values of 0 for "No" and 1 for "Yes." Question CS3 was a
multiple-choice question with eight options regarding winery information on soil chemical properties. Variable Vg3 calculated the
cumulative value (0.125) assigned to each selected option, indicating the level of winery knowledge regarding specific soil chemical
properties.

Question V¢g; was a dichotomous (yes/no) question about whether the winery had its own laboratory for chemical analyses.
Variable V¢p; took values of 0 for "No" and 1 for "Yes." Question Cpy was a dichotomous (yes/no) question about whether the winery
used an external laboratory for chemical analyses. Variable V¢py took values of O for "No" and 1 for "Yes." Question CB3 was a
dichotomous (yes/no) question about whether the winery had its own atomic absorption spectrometer and staff for metal analyses.
Variable Vg3 took values of 0 for "No" and 1 for "Yes”. Question CB4 was a dichotomous (yes/no) question about whether the winery
used an external laboratory for metal trace analyses. Variable Vg4 took values of O for "No" and 1 for "Yes”. Finally, there was a
multiple-choice question about the job position of the survey respondent.

We have formulated three hypotheses to be examined in this study. Hypothesis one (H1) proposed that workers who received
adequate GMP and CCP training demonstrate a satisfactory performance level of CCP controlling in the wineries. Hypothesis two (H2)
stated that legislation performance component regarding to its identification and updating about the contamination risk posed by
arsenic, cadmium, and lead has reached a mature level in the wineries. Hypothesis three (H3) proposed that wineries possess infor-
mation about the concentrations of arsenic, cadmium, and lead in the vineyard soils from which grapes (raw material) are harvested
and that wineries have adequate spectrometric equipment for their identification.

3. Results

Fig. 3 shows the wineries distribution in five groups according to their answers about their yearly wine production.
Regarding the FSMS implementation, 96.9 % of the wineries had implemented PRPs according to food hygiene legislation, and a
93.8 % of the wineries had implemented a HACCP.

3.1. Performance of wineries in relation to food safety training component

Table 3 shows the results for the percentage of workers trained in good manufacturing practices in winemaking (GMP), the per-
centage of workers trained in the monitoring and CCPs, and number of workers median and arithmetic mean by type of winery. All
workers in wineries with annual production over 250,001 L/year have received GMP training and all workers in wineries with annual

Wineries distribution
more than

500,000 L/year
16%

up to 25,000
L/year
19%

100,001 - 25,001 - 100,000
250,000 L/year L/year
22% 34%

Fig. 3. Wineries sample distribution according to their yearly wine production (L/year).
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Table 3

GMP workers training and CCPs workers training by type of winery.
Wine Annual Production L/ Percentage of Wineries GMP Workers training (%) CCPs Workers training (%) Number of workers

Over Total
year ver tota All More Than None  All More than None  Median  Arithmetic
50 % 50 % mean

up to 25,000 18.8 66.7 33.3 0.0 66.7 33.3 0.0 2.5 2.3
25,001-100,000 34.4 60.0 20.0 20.0 40.0 50.0 10,0 4.0 3.3
100,001-250,000 21.9 28.6 57.1 14.3 28.6 57.1 14.3 5.0 5.1
250,001-500,000 9.4 100.0 0.0 0.0 66.7 33.3 0.0 7.0 7.3
more than 500,000 15.6 100.0 0.0 0.0 100.0 0.0 0.0 10.0 21.7
Total wineries Percentage 100.0 65.6 21.9 12.5 53.1 37.5 9.4 4.0 6.1

production over 500,000 L/year have received CCPs training. Although some wineries producing between 25,001-250,000 L/year
have all workers without GMP or CCPs training, it can be said that most of the wineries have some GMP-trained and CCPs-trained
workers.

Spearman correlation coefficient (p) is 0.686 and Kendall’s Tau coefficient (t) is 0.653 between variables Vgs and Vge. It shows
there is a positive correlation between the GMP Workers Training and CCPs Workers Training.

Results show that as the winery gets bigger according to its yearly wine production, it has more workers trained in GMP and CCPs.
However, the percentage of trained workers is also high in smaller wineries. This is due to the number of workers ranging between two
and three in this winery group, and therefore having trained a worker already reaches values of fifty percent. This finding is in
agreement with the study conducted by Lee J.C. et al. [49], which identified significant increases in the application of GMP, GHP, and
equipment design prerequisites, as well as all HACCP systems, in European companies.

In general, wineries train a higher percentage of workers in GMP than in CCPs. One in two wineries has half of its workers untrained
in CCPs. This is a difficulty for identification and control of CCP related to the risk of contamination by arsenic, cadmium, and lead
during the winemaking process. Wineries that supply training to their workers do so in both GMP and CCPs.

A quantitative analysis of food safety worker training (FSWT) was performed based on an indicator defined by equation (1) [50,51]:

Wi = (Vas + Vae) /n (D)
Where.

o Wy, is aggregated FSWT variable for each winery,

e Vs is variable that stands for the level of workers trained in GMP, and takes values 0.33, 0.66 or 1.
e Ve is variable that represent level of workers trained in CCP, and takes values 0.33, 0.66 or 1.

e n is number of variables that has been aggregated, and its value is 2.

Obtaining FSWT Indicator (If,,) for each group of wineries according to their yearly wine production size by equation (2):

m
Z Wﬁvwr
i=1

va:!:
Ssw m

)
Where.

o I, is FSWT Indicator for each group of wineries according to yearly wine production,
o Wy, is FSWT variable for each winery,
e m is number of wineries of related group.

Table 4
Heavy Metal Food Contamination Risk (HMFCR) legislation identification and HMFCR legislation updating through National Agency (AESAN) by
type of winery.

Wine Annual Production L/year ~ Percentage of Wineries Over Total =~ HMFCR legislation identification (%)  HMFCR Legislation updating through AESAN
(%)

As Cd Pb None Yes No
up to 25,000 18.8 33.3 33.3 50.0 50.0 50.0 50.0
25,001-100,000 34.4 33.3 33.3 33.3 66.7 33.3 66.7
100,001-250,000 21.9 286 286 286 714 286 714
250,001-500,000 9.4 66.7 66.7 66.7 33.3 66.7  33.3
more than 500,000 15.6 66.7 66.7 66.7 33.3 66.7 33.3
Total wineries Percentage 100.0 31.2 312 37.5 625 37.5 62.5
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This indicator is dimensionless and expresses the grade of progress achieved regarding food safety worker training in each of the
winery groups, according to their annual production. The grades of progress are defined as Star (I, between 0 and 0.33), In progress
(Itswe between 0.34 and 0.67), and Maturity (I, between 0.67 and 1). It values for winery size group regarding to their annual wine
production are showed in Table 6.

3.2. Performance of wineries in relation to heavy metal and metalloids food contamination risk legislation component

Second section results are collected in Table 4. This table shows the heavy metal and metalloids food contamination risk (HMFCR)
legislation identification and HMFCR legislation updating the through National Agency (AESAN) by type of winery.

There is a low wineries percentage that have identified arsenic, cadmium, and lead contamination risk legislation. Rates are higher
in wineries with wine production over 250,000 L/year. In this case, two out of three wineries have identified arsenic, cadmium, and
lead legislation. Wineries between 100,001-250,001 have the lowest rate (28.6 %).

National Agency thar integrates and performs the functions related to food safety within the competence framework of the General
Administration of Spain is the Agencia Espanola de Seguridad Alimentaria y Nutricién (AESAN) [52]. Information on applicable
arsenic, cadmium and lead contamination food risks legislation is available and updated on the AESAN website [53]. AESAN infor-
mation is used by only one-third of small to medium-sized wineries (up to 250,000 L/year). information. Bigger wineries (over 250,
001 L/year) have a better rate (66.7 %), but it is still insufficient. HMFCR legislation is not clearly identified in wineries, and this occurs
especially in wineries with annual wine production under 250,001 L/year. The Spearman correlation coefficient (p) is 0.894 and
Kendall’s Tau coefficient (t) is 0.873 between variables Vip; and Vips. It shows there is a strong positive relationship between the
identification of HMFCR legislation and it is and updating through AESAN. Besides, correlation coefficients have been calculated for
Vip1 and Vipy. The Spearman correlation coefficient (p) is 0.413 and Kendall’s Tau coefficient (1) is 0.393. A positive correlation exists
between the workers’ CCPs training and the HMFCR legislation identification in the wineries.

A quantitative analysis of legislation identification and updating (LIU) was performed based on an indicator defined by equation

3):
Wiw = (Vip1 + Vi) / n 3)

Where.

o Wy, is aggregated LIU variable for each winery,

e V|p; is variable that stands for winery performance about legislation identification about arsenic, cadmium, and lead, and takes
values 0.33, 0.66 or 1.

e Vi is variable that represented winery performance about update legislation information through AESAN and takes values 0 or 1.

e n is number of variables that has been aggregated, and its value is 2.

Obtaining LIU Indicator (Ij;) for each group of wineries according to their yearly wine production size by equation (4):

Soil Chemical information available for the winery

None information [l 6.3
Soil Electric Conductivity (EC) I 71.9
Soil pH I 87.5
Lead available concentration (soil solution) I 18.8
Lead total concentracion (soil) NN 34.4

Cadmium available concentration (soil solution) N 21.9

Chemical item

Cadmium total concentracion (soil) GG 37.5
Arsenic available concentration (soil solution) I 12.5

Arsenic total concentracion (soil) NN 23.1

0O 10 20 30 40 50 60 70 80 90 100

percentage of wineries

Fig. 4. Percentage of wineries that have information related to the soil chemical analysis of the vineyards regarding to arsenic, cadmium and lead
concentrations, Soil pH, and EC.
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Z Wi
Ly == @)
m

Where.

e Ij; is LIU Indicator for each group of wineries according to yearly wine production,
e Wy, is LIU variable for each winery,
e m is number of wineries of related group.

This indicator is dimensionless and expresses the grade of progress achieved regarding the analysis of legislation identification and
updating in each of the winery groups, according to their annual production. The grades of progress are defined as Star (Ij; between
0 and 0.33), In progress (I, between 0.34 and 0.67), and Maturity (I, between 0.67 and 1). Ij;, values for winery size group regarding
to their yearly annual wine production are showed in Table 6.

3.3. Performance of wineries in relation to chemical analysis of the vineyards regarding to arsenic, cadmium, and lead

Most wineries have data about vineyard soils’ physical and chemical analysis, and fertilizer information used in the vineyard soils.
Spearman correlation coefficient (p) between V¢g; and Vcsp is 0.686. This positive correlation demonstrates that wineries that possess
information about the physical and chemical analysis of vineyard soil tend to also have information about the fertilizers used in those
vineyard soils.

The percentage of wineries that have information related to the soil chemical analysis of the vineyards where the grapes come from
shown in Fig. 4.

However, this information is mostly about soil pH (87.5 %) and soil electric conductivity (71.9 %). The number of wineries that
have chemical information about arsenic, cadmium, and lead concentrations decreases considerably. Table 5 shows data on the
percentage of wineries, segmented according to their level of annual wine production, which have information regarding arsenic,
cadmium, and lead total/available concentrations.

One out of every three wineries possess data regarding the cumulative levels of arsenic, cadmium, and lead concentrations in the
soil. Besides, wineries percentage decreases when the information is about soil solution concentrations of arsenic, cadmium, and lead.
Hence, one in ten possesses data concerning the presence of arsenic in vineyard soils, while two in ten wineries have information
pertaining to the concentrations of cadmium and lead in the same soil samples.

Information data about total cadmium and lead concentrations are the ones that most have the wineries, especially the largest
wineries (over 250,001 L/year). Instead of the information about total arsenic concentration, it says that it is an extremely low
percentage in all winery groups. The percentages of wineries relating to the information about the concentrations of arsenic, cadmium,
and lead in the soil solution are lower those relating to the total concentration. It is the information related to the concentration of
cadmium available in the soil solution that presents the highest percentage, being 66.7 in the wineries between 250,001-500,000 L/
year and 28.6 in the wineries between 100,001-250,000 L/year. The lack of information on arsenic, cadmium, and lead soil con-
centrations is a difficulty for the CCP controlling as it impedes an adequate assessment of the risk that grapes used for winemaking may
have been contaminated during cultivation or harvest.

A high percentage of wineries (78.1 %) have their own laboratory in their facilities to make chemical analyses of grapes and wines.
Two out of every ten wineries do not have their own laboratory. In this case, most of them (92.3 %) use an external laboratory service
to make chemical analyses of grapes and wines. In this context, control of arsenic, cadmium, and lead in grapes and wines is made by
analytical techniques based on atomic absorption spectrometry. Only one out of every ten wineries possess the necessary technological
equipment and qualified staff capable of conducting heavy metal analysis using atomic absorption spectrometry. A high percentage of
wineries (93.8 %) do not have them. Thirty-five-point-two percent of wineries without atomic absorption spectrometry equipment and
qualified staff use external laboratories to analyse about heavy metals and metalloids concentration in grapes and wines. This result
shows that the lack of technical means for qualitative and quantitative analysis in wineries is a barrier to good performance related to
controlling arsenic, cadmium and lead contamination risk in grapes and win es.

Table 5
of wineries that have information related to the soil chemical analysis of the vineyards regarding to arsenic, cadmium, and lead concentrations, by
type of winery.

Wine Annual Production Percentage of Wineries Over Total Total concentration (soil) Available concentration (Soil solution) None
L/year (%) (%)
As Ccd Pb As Ccd Pb

up to 25,000 18.8 33.3 16.6 16.6 0.0 0.0 0.0 0.0
25,001-100,000 34.4 18.2 27.3 27.3 18.2 27.3 27.3 9.1
100,001-250,000 21.9 14.3 42.9 28.6 0.0 28.6 14.3 0.0
250,001-500,000 9.4 33.3 66.7 66.7 33.3 66.7 66.7 0.0
more than 500,000 15.6 40.0 40.0 40.0 0.0 0.0 0.0 40.0
Total wineries Percentage 100.0 28.1 37.5 34.4 12.5 21.9 18.8 6.3
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Table 6

Wineries performance indicators and grade of progress, by type of winery.

Heliyon 10 (2024) e22962

Wineries size e Grade of progress ™ Grade of progress Teep—Mchem Grade of progress
Up to 25,000 L/year 0.89 Maturity 0.44 In progress 0.05 Start
25,001-100,000 L/year 0.77 Maturity 0,15 Start 0.08 Start
100,001-250,000 L/year 0.78 Maturity 0.28 Start 0.51 In progress
250,001-1,000,000 L/year 0.94 Maturity 0.66 In progress 0.56 In progress

More than 500,000 L/year 0.93 Maturity 0.60 In progress 0.42 In progress

A quantitative analysis of arsenic, cadmium, and lead critical control point chemical analysis performance (CCP-MCHEM) was
evaluated based on an indicator defined by equation (5):

chp—Mchem = (VCSB + Vepn + VCBry) /n

Where.

Weep—Mchem iS the aggregated CCP-MCHEM variable for each winery,
Vss is variable that stood for chemical information about arsenic, cadmium, and lead concentrations in soil that winery had.

Vess = Zle a;j, a; is each item of this multiple-choice question (yes = 0.125, no = 0),

(G

e V(g is variable that represented winery capacity to hold chemical analysis by their own or external means. Vepx = Vepe if Vepr =

0, otherwise Veerx = VeBi-

e Vg is variable that stood for winery capacity to hold arsenic, cadmium and lead chemical analysis by their own or external means.

VCBry = VCB4 if VCB3 = 0, otherwise VCBry = VCBS-
n is the number of variables that has been aggregated, and its value is 3.

Table 7
Relationship questions among wineries performance variables, their imply variables and MWU results.
Question Variables Non-parametric Mann-Whitney U  Result
Test
Did grade of progress of training component differ according ~ W, as a dependent variable Z=-2.673 Rejected hypothesis

to whether wineries conducted identification and
updating arsenic, cadmium, and lead contamination risk
legislation available in AESAN or did not?

Did grade of progress of training component differ according
to wineries capacity to do arsenic, cadmium and lead
chemical analysis by their own or external means or did
not?

Did grade of progress of the legislation component differ
according to wineries capacity to do arsenic, cadmium
and lead chemical analysis by their own or external means
or did not?

Did grade of progress of the legislation component differ
according to whether wineries conducted identification
and updating arsenic, cadmium, and lead contamination
risk legislation available in AESAN or did not?

Did grade of progress of the analysis component differ
according if winery had information related to vineyards
soil physical and chemical analysis or did not?

Did grade of progress of the analysis component differ
according if winery had fertilizer information used in
vineyard soils or did not?

Vipz as an independent variable
which stood for two groups (Vipz2
=0, Vipz = 1).

Wit as a dependent variable
Veary as an independent variable
which stood for two groups (Veery
=0, Vepry = 1).

Wy, as a dependent variable
Veary as an independent variable
which stood for two groups (Vcary
=0, Vepry = 1).

Wiiu as a dependent variable
Vip2 as an independent variable
which stood for two groups (Vipz
=0, Vipp = 1).

Weep—Mchem as a dependent
variable

Vg1 as an independent variable
which stood for two groups (Ves1
=0, Vgs1 = 1).

Weep-Mchem as @ dependent
variable

V¢s2 as an independent variable
which stood for two groups (Vcs2
=0, Vgsz = 1).

Bilateral significance = 0.008
Exact significance = 0.013
Monte Carlo significance = 0.009,
lower limit = 0.007, upper limit
=0.011 p < 0.05

Z = —0.555

Bilateral significance = 0.579
Exact significance = 0.616
Monte Carlo significance = 0.598,
lower limit = 0.598, upper limit
= 0.607 p < 0.05

Z = —2.506

Bilateral signature = 0.012

Exact signature = 0.029

Monte Carlo significance = 0.013,
lower limit = 0.011, upper limit
= 0.016 p < 0.05

Z = —-5.355

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
=0.000 p < 0.05

Z = -3.288

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
=0.000 p < 0.05

Z = -3.288

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
= 0.000 p < 0.05

null. (Differed)

Accepted
hypothesis null.
(Did not differ)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)
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Obtaining CCP-MCHEM Indicator (Iecp—mchem) fOr €ach group of wineries according to their yearly wine production size by equation

(6):

m
Z chp—Mchem
i=1
Iccp—Mchem == (6)
m

Where.

® Iecp Mchem i CCP-MCHEM Indicator for each group of wineries according to yearly wine production,
® Weep—Mchem is CCP-MCHEM variable for each winery,
e m is number of wineries of related group.

This indicator is dimensionless and expresses the grade of progress achieved regarding to arsenic, cadmium, and lead critical
control point chemical analysis performance in each of the winery groups, according to their annual production. The grades of progress
are defined as Star (Iecp—mchem Detween 0 and 0.33), In progress (Iccp—mchem between 0.34 and 0.67), and Maturity (Iecp—mchem Detween
0.67 and 1). I.cp-mchem Values for winery size group regarding to their annual wine production are showed in Table 7.

3.4. Matrix and graph of the grade of progress in wineries generated by the performance indicators

The three performance indicators allow to determine the degree of progress that each group of wineries has reached related to the
control that they conduct on the contamination risk of arsenic, cadmium, and lead in grapes and wines. Table 6 shows values Igwt, Ly
and Iccp-Mchem by Winery sizes groups and grade of progress.

Effectiveness in conducting risk control is divided into three components: the training component, the legislation component, and
the analysis component.

Each indicator stands for the degree of progress on a component. Iy,, is performance indicator that shows progress in the training
component. Iy, is the indicator that shows progress in the legislation component and Iccp—mchem iS the indicator that shows progress in
analysis component. Components performance level by each winery sizes group on the contamination risk by arsenic, cadmium and
lead in grapes and wines in Fig. 5.

Training is the component with the greatest maturity while analysis is the component with the least maturity regarding to this
contamination risk control. Wineries below 250,000 L/year are in the starting performance level of the analysis component, and
wineries between 25,001 and 250,000 L/year are in the starting performance level of the legislation component.

Non-parametric Mann-Whitney U Tests (MWU) were applied to find relationships among wineries performance variables. Table 7
shows relationship questions, their imply variables and MWU results. Grade of progress of training component differed according to
whether wineries conducted identification and updating the legislation related to risk of arsenic, cadmium, and lead contamination
available in AESAN, but it was not different regarding to whether wineries had capacity to do arsenic, cadmium and lead chemical
analysis by any means.

—@—Training Up to 25,000
—@— Legislation L/year
@— Analysis

More than 0.
500,000 L/year

25,001-100,000
L/year

250,001-1,000,000
L/year

100,001-250,000
L/year

Fig. 5. Performance level in each component by annual winery production.
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Grade of progress of the legislation component was different according whether wineries had capacity to do arsenic, cadmium and
lead chemical analysis by any means and differed regarding to if wineries conducted identification and updating arsenic, cadmium,
and lead contamination risk legislation available in AESAN or did not.

Grade of progress of the analysis component differed according if winery had information regarding to vineyards soil physical-
chemical analysis and, according to if winery had fertilizer information used in vineyard soils or had not.

4. Discussion

An evaluation of how wineries are managing critical control point about controlling the contamination risk by arsenic, cadmium
and lead in their winemaking processes is essential to prevent poisoning and diseases in consumers. Studies have identified health
problems caused by As, Cd, and Pb [54,55].

Fertilizers or the environment are sources of arsenic, cadmium and lead that can contaminate grapes and wines used in wine
production [9,55,56].

4.1. GMP and CCP workers training

FSMS are tools to accomplish with food hazards control as heavy metals and metalloids traces in grapes and wines. There is an
important level of implementation of FSMS in wineries. 96.9 % of wineries have a Prerequisites Programmes and 93.8 % have HACCP.
Besides, workers trained in GMP and CCPs have a satisfactory level for all wineries.

The study reveals that hypothesis 1 (H1) is true. The training component has reached an adequate maturity level of performance.
65.6 % of wineries have all their workers trained in GMP and 53.1 % of wineries have all their workers trained in CCPs. These per-
centages arise to 100 % in wineries with annual production over 500,001 L/year. Results show that wineries’ workers who receive
training in GMP, also receive training in CCPs. Similarly, other related studies focusing on controlling OTA mycotoxin contamination
in wines have also demonstrated that training in GMP and CCPs has been identified as a significant contributing factor to the successful
prevention of such contamination [24]. Our findings are consistent with the research conducted by Lee, J.C. et al. [49], wherein the
importance of aspects related to food safety culture is underscored, particularly about human factors and specialized training.

4.2. Knowledge and application of food safety legislation

Hypothesis 2 (H2) is not fulfilled. Legislation component is still in progress level regarding performance maturity in four up five
wineries groups. European legislation on food safety related to contamination control risk from arsenic, cadmium and lead is acces-
sible. Study shows that only one out three wineries with annual production less than 250,000 L/year has identified and updated the
HMCR legislation. The HCMR legislation identification percentage is 66.7 % in wineries with annual production over 250,001 L/year.
Two out of three wineries that have the HCMR legislation identified conduct its update through the information available in the Food
Safety Spanish Agency (AESAN). Mere publication of food risk information on the AESAN website is not enough for wineries to
incorporate it into their control system. Two out of three wineries do not have updated legislation and do not use the information
provided by AESAN.

Most of the wineries that have identified the HCMR legislation, also have their staff trained in CCPs. Identification of food risk
control legislation is different according to the wine production level of the wineries and their workers' knowledge. The public
administration does not provide sufficient references and means for wineries to properly develop and implement the control of CCP
related to the risk contamination of arsenic, cadmium, and lead. Our result is aligned with Vela A.R. & Fernandez [56], that
demonstrated public administrations received a low score from companies regarding to the references provided by the administration
(reports, books, and articles) to facilitate the development and implementation of FSMS. Matches with the alcoholic beverage
industry’s weakness in compliance with food safety legislation demonstrated by Kourtis L.K [57].

Charlotte Yap [58] found that knowledge about the general principles of food safety and its requirements is low in small and
medium-sized agrifood businesses. This often leads to regulatory requirements being underestimated and not considered. This lack of
knowledge regarding the risk of heavy metal and metalloid contamination in food is a weakness observed in wineries’ control over
their winemaking processes.

Our findings also align with the study conducted by Allam, M. et al. [59], which identified areas where organic food producers and
processors in several European countries require further guidance and support in food safety, particularly in their proficiency in
performing hazard analysis and creating documents and records following HACCP principles.

4.3. Analysis and availability of chemical data related to the control of contamination by As, Cd, and Pb

Hypothesis 3 (H3) is not accomplished. Analysis is the lower performance component for all winery groups, except 100,000 to
250,000 L/year. We found that many wineries have not information about arsenic, cadmium, and lead concentrations in the vineyards
soils, and the wineries percentage that owns this information is different according to their wine annual production level. Nine of ten
wineries have information about soil physical and chemical characteristics, such as pH and EC, and information about the fertilizers
used in the vineyards. However, these values strongly decrease about the arsenic, cadmium, and lead concentrations in these soils. The
proportion of wineries equipped with data on the cumulative concentrations of arsenic, cadmium, and lead is remarkably low.
However, these percentages become even more diminished when considering the availability of information concerning specific
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arsenic, cadmium, and lead available concentrations in the soil. Out of the ten wineries, two wineries have this chemical concentration
information about cadmium and lead, and one winery has this chemical concentration information about arsenic. A deficient control of
these the arsenic, cadmium, and lead in soils implies that food hazards as the appearance of heavy metal traces in grapes or wine may
occur [60,61]. The wineries use techniques based on atomic absorption spectrometry for the identification of the arsenic, cadmium,
and lead in the grapes and wines. This technique is recommended by the OIV. However, there is a lack of this spectrometry equipment
in the wineries own laboratories, so they need to use external analytical services. Results show that half of the wineries (48.59 %) use
atomic absorption spectrometry analysis to detect the presence of arsenic, cadmium, and lead in the grapes and wines through external
analytical services. Courtney K. Tanabe (2019) identified the absence of on-site chemical analytical tools as a factor that influences the
arsenic content in grapes and wines [62].

4.4. Limitation and strength of the study

One of the principal weaknesses of this study lies in the low response rate obtained from the surveyed wineries, potentially
impacting the representativeness and generalizability of the data to the entire wine industry. However, a fundamental strength of this
research is rooted in the meticulous development of performance indicators based on the questionnaire methodology. This tool
provides a robust foundation for data analysis and enables the evaluation of wineries’ effectiveness in managing Critical Control Points
(CCPs) associated with contamination risks posed by arsenic, cadmium, and lead in grapes and wines.

5. Conclusions

This research shows that although most wineries have FSMS implemented, the CCP identification and control related to arsenic,
cadmium and lead contamination risk needs to be improved.

Wineries must adequately control the risk of arsenic, cadmium, and lead contamination in the wine production process. To do it,
first, wineries must be aware of the need to know, update and implement European legislation. European legislation sets the guidelines
to prevent health risks that may arise from the intake of arsenic, cadmium, or lead by setting limits on the admissible concentration of
these metals in wines. In addition, wineries' workers' training in GMP and CCPs control is a success factor in preventing contamination
by arsenic, cadmium, and lead in wines.

A strength in the performance of CCP control aimed at assessing the risk of arsenic, cadmium and lead contamination is high
training level of workers about this topic. However, the wineries performance about applicable legislation identification of the heavy
metal contamination risk is very low. This constitutes a difficulty for good performance of CCP controlling relative to the risk of
contamination by arsenic, cadmium, and lead. In addition, another difficulty for this performance is the lack of information regarding
the sources of contamination by arsenic, cadmium, and lead in grapes. Soil analysis data about pH and EC are available to wineries, but
data about the concentrations of As, Cd and Pb in the soil are often missing.

Another barrier to a good performance of the CCP related to contamination of grapes by arsenic, cadmium, and lead is the lack of
spectrometry equipment in the laboratories of the wineries. Even if external services are hired for spectrometric analysis, the per-
centage of wineries that perform it is very low. Providing wineries with laboratory spectrometry equipment and human resources to
carry out complete chemical analyses of soils, grapes and wines would allow the adequate control of CCP related to contamination risk
control by heavy metals and metalloids of their grapes and wines.
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Appendix A

Analysis of wineries performance about Critical Control Point related to risk control contamination by arsenic, cadmium, and lead
in grapes/wines during winemaking.
* Obligatory.

General data of the winery

G.1 What is your annual level of red wine production? * (Mark only one).

up to 25,000 liters/year

between 25,001 and 100,000 liters/year

between 100,001 and 250,000 liters/year

between 250,001 and 500,000 liters/year more than 500,001 liters/year.

G.2 Do you have a prerequisite program in place, according to the legislation on food hygiene? * (Mark only one).
Yes/No.

G.3 Does the winery have a Critical Point Analysis System in place and Control (HACCP)? * (Mark only one).
Yes/No.

G.4 How many people work in wine production operations in the winery? *

G.5 Do winery workers have training about good manufacturing practices (GMP)? * (Mark only one).

No worker has GMP training.

More than half of workers have GMP training.

All workers have GMP training.

G.6 Do winery workers have control training and monitoring of critical control points (CCPs)? * (Mark only one).
No worker has training in control and monitoring of CCPs.

More than half of workers have training in control and monitoring of the CCPs.

All workers have training in control and monitoring of the CCPs.

Information available on arsenic, cadmium and leads in the raw material (Critical Control Point)

ID 1. The winery has identified the legislation relating to food contamination by: (check all those you consider).

Arsenic/Cadmium/Lead.

ID 2. The winery uses the updated information available from the Spanish Agency for Food Safety and Nutrition (AESAN) on heavy
metals food risk. * (Mark only one).

Yes/No.

CS 1. Does the winery have information related to physic-chemical analysis of where do the grapes used in winemaking come from?
* (Mark only one).

Yes (Skip to question 11)/No.

CS 2. Does the winery have information on the fertilizers used in the fertilization of the soil from which the grapes used in
winemaking come from? * (Mark only one).

Yes/No.

Information available of the concentration of arsenic, cadmium, and lead in the soil

CS 3. The available information on the analysis of vineyard arable soil holds data on:
Select all that apply.

Total Arsenic Concentration in Soil.

Concentration of Arsenic Available in Soil.

Total Cadmium Concentration in Soil.

Cadmium Concentration Available in Soil.

Total Lead Concentration in Soil.

Lead Concentration Available in Soil.

Soil pH.

Electrical conductivity of the soil.
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Control of the raw material (analysis procedures in the winery)

CB 1. Does the winery have its own laboratory to perform chemical analysis of grapes and wines? * (Mark only one).

Yes/No.

CB 2. If you do NOT have your own laboratory, do you use an external laboratory to perform chemical analysis of grapes and wines?
* (Mark only one).

Yes/No.

CB 3. Does the warehouse have the technology and personnel to perform metal analysis using atomic absorption spectrometry? *
(Mark only one).

Yes/No.

CB 4. If you do NOT have your own laboratory, do you use an external laboratory to perform metal analysis using atomic absorption
spectrometry on grapes and wines? *

Yes/No.

Professional profile that performs the survey

You can tell us about your job inside the winery. (Mark only one).
Owner.

Director/Manager.

Winemaker

Winery Operator.

Administrative/management/commercial staff.

Other.
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