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Abstract

Background: Recent concerns have been raised regarding heavy metal content in wine and its potential health
implications. The goal of this study was to determine if lead (Pb) intake poses a health risk among adult consumers
of wine. This was achieved by performing a literature review of studies reporting Pb concentration in United States
and international wines, determining adult wine consumption rates in the United States using NHANES dietary
survey data, utilizing the U.S. EPA’'s Adult Lead Methodology (ALM) model to estimate adult blood lead levels (BLLs)
from wine consumption under various exposure scenarios, and comparing modeled BLLs to guidance values.
Models were stratified by average exposure (mean wine Pb concentration) and high exposure (95" percentile wine
Pb concentration) scenarios.

Results: Lead concentration data was abstracted from a total of 31 studies, including wine from 18 countries for a
total of 472 wine samples. The mean Pb content of international red and white wines were 33.9 ug/L (n=282) and
35.7 pug/L (n=118), respectively, while the mean Pb content of domestic red wine was 4.4 ug/L (n=61). All

modelled BLLs were below the Center for Disease Control (CDC) BLL guidance value of 5 pg/dL. Assuming a mean

consumers.
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baseline BLL, an individual was required to drink 104 glasses of wine per day (all wine types) under the average
exposure scenario and 3.7 glasses of wine per day (all wine types) under the high exposure scenario in order to
elevate their BLL to the guidance value of 5 ug/dL. When stratified by region, a minimum of approximately 24

glasses of wine from the United States per day was required to raise adult BLLs to the 5 pg/dL guidance value.

Conclusions: Overall, findings suggest that Pb content in wine does not pose a health risk to adult wine

Background

The historical use of lead (Pb) in gasoline, paints, pipes,
plumbing, and various industrial processes has contrib-
uted to the current ubiquitous presence of Pb in various
environmental media, including soil, water, and air
(ATSDR 2007). Recently, it has been reported that wine
samples contain detectable levels of heavy metals, raising
concerns of potential contamination issues in food and
beverages (Haelle 2015; Wilson 2015). Specifically, a re-
cent study reported that Pb was detected in 58% of
United States wine samples, concluding that the risk as-
sociated with Pb contamination in some wines may be
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significant (Wilson 2015). Due to established Pb toxicity
at certain exposure levels, it is important to understand
whether Pb contamination in commonly consumed bev-
erages, such as wine, poses a health hazard to humans.
The primary route of exposure to Pb in the general
population is ingestion, including contaminated food,
water, or alcohol (ATSDR 2012). Specifically, it has been
estimated that 70% of Pb intake is due to ingestion of food
and drinks, and that wine is the alcoholic beverage with
the highest levels of Pb (Pyrzynska 2004). Lead tissue bur-
dens increase as a result of cumulative exposure, and can
result in various health effects at certain exposure levels,
including effects on the hematological, nervous, renal, and
reproductive systems (Needleman 2004; Patrick 2006).
Additionally, Pb competes with calcium in the body,
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which disrupts neurotransmitter release and bone mineral
density (Papanikolaou et al. 2005; Beier et al. 2013).

The presence of Pb in wine is believed to arise from
climate, soil composition, industrial emissions, fertilizers,
and winery equipment (Moreno et al. 2007; Bora et al.
2015). Previously, researchers have noted that wine is an
important source of Pb exposure among individuals that
regularly consume wine (Elinder et al. 1988). To address
potential health concerns, various regulatory and non-
regulatory agencies have reported maximum acceptable
limits of Pb in wine. The International Organization of
Vine and Wine (OIV), an intergovernmental agency
comprised of 45 international member states, has a
current maximum acceptable limit of 150 pg/L for Pb in
wine (OIV 2015a). Additionally, the Vinters Quality Alli-
ance (VQA) of Ontario suggested a standard of 200 ppb
for the permissible limit of Pb in wine (VQA 2016).

Current methods for assessing Pb exposure and po-
tential health risks consist of 1) using toxicokinetic
models that predict blood lead levels (BLLs) based on
estimates of exposure to Pb in the media of interest,
followed by 2) benchmarking of the predicted blood
Pb levels vs established guidance values. The toxicoki-
netics of Pb has been evaluated for decades and has
been well characterized (Philip and Gerson 1994; Leg-
gett 1993; O’Flaherty 2000; EPA 2001). Adults absorb
approximately 5-15% of ingested Pb, with Pb in water
and other beverages absorbed to a greater degree than
Pb in food (Klassen 2013). BLL is a biomarker used
to measure the body burden and internal dose of Pb,
and can be used to determine a dose-response rela-
tionship for health effects associated with Pb exposure
(Mushak 2003; Monnot et al. 2015). In 2015, the
Center of Disease Control (CDC) designated a refer-
ence BLL for adults and defined raised BLLs as levels
that exceeded the guidance value of 5 pg/dL, which is
based on the 97.5™ percentile of blood Pb distribu-
tion in children (NIOSH 2015).

Although numerous studies have reported Pb concen-
trations in various wines produced from around the
world, there are no published quantitative analyses of
potential Pb exposures and health risks associated with
wine consumption. The purpose of this study was to as-
sess plausible Pb-related health risks associated with
wine consumption under a variety of scenarios, using
the most current techniques for quantifying and bench-
marking Pb exposures. Specifically, in this analysis, we
compiled published data concerning Pb levels in United
States and international wines of various varietals and
regions, determined adult wine consumption rates in the
United States using National Health and Nutrition
Examination (NHANES) dietary survey data, utilized a
biokinetic model to assess potential adult BLLs associ-
ated with various wine consumption exposure scenarios,
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and determined whether wine consumption is likely to
pose a Pb-related health risk. We also evaluated the daily
volume of wine that would need to be consumed to
reach BLL benchmark values.

Methods

Approach

In this analysis, the impact of Pb ingestion from wine on
adult BLLs was assessed. This was achieved by 1) per-
forming a literature review of studies analyzing the Pb
concentration in United States and international wines,
2) determining adult wine consumption rates in the
United States using NHANES dietary survey data, 3)
utilizing the U.S. EPA’s Adult Lead Methodology (ALM)
model to estimate adult BLLs from wine consumption
under various exposure scenarios, and 4) comparing
modeled BLLs to guidance values.

Pb content in wine

A literature review was performed to determine the con-
centration of Pb in commercially available United States
and international wines. To reduce confounding by time
from historically higher concentrations of Pb in environ-
mental media, results were restricted to studies that ana-
lyzed wine samples within the past ten years. Studies
were identified by electronic-database searching of
PubMed, using the search terms (“lead” or “Pb”) and
(“wine”). Findings were supplemented with references
manually obtained from the search results. The latest
search was conducted in November of 2016.

Data were colletected for each article, including the
country of origin, wine vintage, grape variety, Pb concen-
tration, number of samples, and analytical technique used.
When results from different analytical techniques were re-
ported within the same study, preference was given to
digested ICP-MS results. When reported Pb concentra-
tions were below the limit of detection (LOD), a value of
one-half the LOD was utilized for data analysis. Studies
that did not report a LOD in the methodology were ex-
cluded from the analyses. Study-specific information was
abstracted and assessed for quality control by independent
reviewers. A weighted average of the sample means and
95™ percentile of reported Pb concentrations were calcu-
lated for all data combined, as well as by wine type (red
wine and white wine) and geographic location (country of
origin).

Wine consumption data

Wine consumption data was extracted from the day one
and day two results from the NHANES dietary food inter-
views. To match the time period of wine Pb concentration
analyses, dietary consumption information was restricted
to the 2005-2014 NHANES datasets. Wine consumption
rates were limited to adult wine consumers, with a
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minimum age of 21. Consumption data was calculated for
all wine, red wine, and white wine, according to the USDA
food codes. Due to the presence of right-skewed con-
sumption data, wine-specific median consumption rates
were used as the inputs for the BLL models. All statistical
analyses were performed using R software, version 3.1.1.

BLL modelling

The EPA ALM model was selected to estimate adult
BLLs in this analysis, as the EPA recommended this
model for assessments of non-residential Pb exposures
that result in BLLs <25 pg/L, based on the review of
multiple biokinetic Pb models for adults (including the
O’Flaherty and Leggett models) (EPA 2001). Stratified
BLL models were completed by wine type (all wine, red
wine, and white wine) and geographic location (United
States wines and international wines). Each model was
further stratified by different exposure scenarios: aver-
age exposure (mean wine Pb concentration) and high
exposure (95" percentile wine Pb concentration). A
baseline adult BLL of 1.27 pg/dL was used, which was
the calculated weighted geometric mean of BLLs in
adults aged 20 years or older during the 2005 to 2012
NHANES survey years (CDC 2015). Gastrointestinal
absorption of Pb was conservatively assumed to be 20%

Table 1 Wine Pb concentration by country
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in adults (ATSDR 2007; Monnot et al. 2015). We as-
sumed that individuals ingested wine at the median
NHANES consumption rate each day, for a total of
365 days per year. The change in BLL from baseline
was calculated for each exposure scenario to determine
the relative contribution of wine consumption on in-
creased BLLs.

Comparison to guidance values

The BLL guidance value of 5 pg/dL from the Center for
Disease Control (CDC) was utilized as the benchmark in
this analysis. The amount of ingested wine (g/day and
glasses/day) necessary to elevate adult BLLs to guidance
values was determined, assuming mean and 95™ per-
centile all wine Pb concentrations for the average and
high exposure scenario models, respectively. For these
calculations, one glass of wine was assumed to contain
5 oz. BLLs associated with agency-specific maximum ac-
ceptable limits of Pb in wine were determined assuming
a mean baseline BLL and median NHANES wine con-
sumption rate for all wine types. Additionally, the max-
imum Pb concentration required to increase adult BLLs
to guidance values was calculated using median
NHANES all wine consumption data.

Country N (%) Mean Pb (ug/L) References

Argentina 20 (4%) 725 (Lara et al. 2005)

Australia 28 (6%) 5.0 (Hague et al. 2008; Kristensen et al. 2016)

Brazil 13 (3%) 754 (Dessuy et al. 2008; Dessuy et al. 2011; Schiavo et al. 2008)

Bulgaria 2 (<1%) 210 (Karadjova et al. 2007)

Chile 6 (1%) 424 (Dessuy et al. 2008; Schiavo et al. 2008)

China 3 (1%) 224 (Wu et al. 2007)

Croatia 8 (2%) 326 (Tariba et al. 2011)

France 1 (<1%) 8.0 (Ajtony et al. 2008)

Germany 2 (<1%) 204 (Ajtony et al. 2008)

Hungary 35 (7%) 35.0 (Ajtony et al. 2008)

Italy 68 (14%) 47.2 (Elgi et al. 2009; llluminati et al. 2014; Karadjova et al. 2007;
La Pera et al. 2008)

Macedonia 2 (<1%) 223 (Karadjova et al. 2007)

Portugal 43 (9%) 516 (Catarino et al. 2006; Catarino et al. 2007; da Costa et al. 2014;
Santos et al. 2013; Yamasaki et al. 2012)

Romania 63 (13%) 405 (Bora et al. 2015; Geana et al. 2013)

Spain 86 (18%) 15.7 (Ajtony et al. 2008, Dessuy et al. 2008, Gonzalvez et al. 2008;
Grindlay et al. 2009; Grindlay et al. 2008; Iglesias et al. 2007;
Moreno et al. 2007)

Turkey 23 (5%) 0.1 (Aydin et al. 2010; Yildiz et al. 2011)

Ukraine 8 (2%) 0.5 (Vystavna et al. 2014)

United States 61 (13%) 44 (Elgi et al. 2009; Wilson 2015)

Total 472 (100%) 304
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Results

Pb content in wine

Lead concentration data was abstracted from a total of
31 studies, including wine from 18 countries for a total
of 472 wine samples (Table 1). There was geographic
variance in the Pb concentrations, with highest mean
wine Pb concentrations among wine samples from Brazil
(754 pg/L), Argentina (72.5 pg/L), and Portugal
(51.6 pg/L), and lowest among wine samples from
Turkey (0.1 pg/L), Ukraine (0.5 pg/L), and the United
States (4.4 pg/L). The mean Pb concentration among all
wine samples was 30.4 pg/L. It should be noted that a
probabilistic exposure model paired with the distribution
of samples by country of origin resulted in a Pb concen-
tration of 29.6 pg/L for all wine samples. The more con-
servative mean value was used in the following analyses.
White wine samples (35.7 pg/L) had a higher Pb concen-
tration than red wine samples (28.7 pg/L). When strati-
fied by origin of wine, Pb concentrations in United
States wines were lower than international wines: 4.4 pg/
L and 34.3 pg/L, respectively. Table 2 includes wine Pb
concentrations by wine type and geographic location.

Wine consumption data

According to wine consumption data from the 2005—
2014 NHANES dietary data survey (Table 3), adult (age
21+) wine drinkers consumed a median 195 g/day of
wine per day. This equated to approximately 6.59 fluid
ounces of wine, or approximately one-and-a-half glasses
of wine per day. Consumption data was further analyzed
by wine type, with adults having a higher consumption
of white wine (205.8 g/day) than red wine (180 g/day).

BLL modelling

Table 4 reports the modelled adult BLLs associated with
various wine consumption exposure scenarios. All esti-
mated BLLs were below the CDC guidance value. When
stratified by wine type, consumption of white wine was
associated with larger increases in BLLs than red wine.
Consumption of United States red wine was associated
with the smallest change in BLL from baseline for both
the average and high exposure scenarios (+0.06 pg/dL

Table 2 Wine Pb concentration data used to model adult BLL

Wine Origin Wine Type n  Mean Pb (ug/L) 95th Percentile
Pb (ug/L)
All wine All Wine 472 304 85
Red Wine 343 28.7 84.9
White Wine 118 357 130.6
International wine  All Wine 411 343 1009
Red Wine 282 339 979
White Wine 118 357 130.6
United States wine Red Wine 61 44 13.1
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and +0.19 pg/dL, respectively), while consumption of
international white wine was associated with the largest
change in BLL (+0.59 pg/dL for the average exposure
model and +2.15 pg/dL for the high exposure model).

Comparison to guidance values

The required number of glasses of wine per day neces-
sary to raise an adult’s BLL to the CDC guidance value
is reported in Table 5. Assuming a mean baseline BLL,
an individual was required to drink 10.4 glasses of wine
per day (all wine types) under the average exposure sce-
nario and 3.7 glasses of wine per day (all wine types)
under the high exposure scenario in order to elevate
their BLL to the guidance value of 5 pg/dL. Consump-
tion of 2.4 glasses of white wine per day under the high
exposure model was associated with a BLL of 5 pg/dL.
When stratified by region, a minimum of approximately
24 glasses of wine from the United States was required
to raise adult BLLs to the 5 pg/dL guidance value.

Table 6 reports various agency maximum acceptable
limits of wine Pb concentrations and associated BLLs.
The OIV limit of 150 pg/L was associated with a BLL of
3.61 (+2.34) pg/dL while the VQA limit of 200 pg/L was
associated with a BLL of 4.39 (+3.12) pg/dL. Assuming a
mean baseline BLL and median NHANES wine con-
sumption rate for all wine types, a wine Pb concentra-
tion of 239 pg/L was required to elevate adult BLLs to
the guidance value of 5 pg/dL (Table 7).

Discussion

Concerns have been raised regarding the heavy metal
content of wine and its potential health implications. Re-
cently, studies have reported heavy metal concentrations,
including Pb, in various wine samples from around the
world (Kristensen et al. 2016; Monnot et al. 2016; Wil-
son 2015). The presence of Pb in wine can arise from
environmental sources (region, climate, and soil com-
position) and anthropogenic sources (metal-based pesti-
cides, fertilizers, chemical sprays, industrial emissions,
and winery equipment) (Bora et al. 2015). Since pollut-
ants are able to disperse via air, surface water, and
groundwater, heavy metal contamination has become a
growing problem in viticultural regions (Bora et al
2015).

Pb content by wine type

Reported wine Pb concentrations varied by wine type
(Table 2). During the wine making process, red wine is
fermented with the grape skins, while white wine is
pressed to remove the grape skins prior to fermentation,
a process that may impact heavy metal content in wine
(Almeida and Vasconcelos 2003). Once stratified by wine
type, white wine had a higher concentration of Pb than
red wine. It has been suggested that yeast present in
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Table 3 NHANES wine consumption data
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Consumption (g/day)?

All Wine Red Wine White Wine
Dataset n Min  Median ~ Mean  Max n Min Median ~ Mean  Max n Min Median  Mean  Max
2005-2006 514 123 1911 2288 1440 254 123 1885 2186 1102 210 245 2058 2307 1029
2007-2008 596 9.8 1764 224.5 1521 314 9.8 1764 2032 1029 221 147 2058 2264 852.6
2009-2010 734 123 1764 230.3 1522 352 245 161.7 2149 1352 304 49 1764 237 1491
2011-2012 624 082 2058 2452 2117 357 082 2058 2336 9942 226 49 2058 2463 2117
2013-2014 650 125 2025 240.5 2028 348 1.25 180 2199 1050 231 5 210 2285 1050
2005-2014 3118  0.82 195 2341 2117 1625 082 180 2184 1352 1192 245 2058 234 2117

2 Among adult wine consumers aged 21-85

grape skins binds heavy metals and may remove these el-
ements from the aqueous solution (Aguilar et al. 1987).
This may explain the observed reduction of Pb content
in red wine, due to its extended length of contact with
grape skins during the fermentation process. Alternative
explanations could include differences in accumulation
of metals by grape varietals, as well as variances in geo-
graphic regions and soil compositions for red and white
grapes; however, this is an area of research that requires
further investigation (Greenough et al. 1997; Yang et al.
2010; Bertoldi et al. 2011).

Reported wine Pb concentrations also varied by coun-
try of origin (Table 1). A variety of factors might explain
this regional variability, including differences in climate,
grape varieties, soil type, historical and current Pb emis-
sions into the environment, and wine-making processes.
The observed variance could be influenced by sample
size, as some countries had a limited number of wine
samples and analyses performed. In the present analysis,
red wine samples from the United States consistently
had lower Pb concentrations than red wines from top
producing European countries, including France, Italy,
and Spain (Elgi et al. 2009; OIV 2015b; Wilson 2015). It
should be noted that while 61 wine samples were ana-
lyzed from the United States, all samples were from red
wine varieties (Wilson 2015; Elgi et al. 2009). Once
stratified by region, mean Pb concentrations were

Table 4 Modelled adult BLL by exposure scenario

comparable between international red and white wine
samples (difference of ~2 pg/L). Given this finding, one
would expect the mean United States white wine Pb
concentrations to not be materially different from mean
United States red wine Pb concentrations.

Risk associated with Pb in wine

While numerous studies have assessed the heavy metal
content of wine, quantitative risk analyses have not been
performed to assess the potential health effects from Pb
exposure due to wine consumption. To date, our study
is the only analysis to model BLLs resulting from wine
consumption among adults. BLL modeling is a metric
used to characterize human health risks, and has previ-
ously been employed to evaluate the risk of Pb exposure
from juice and consumer products (Tvermoes et al
2014; Monnot et al. 2015).

All modelled adult BLLs under various wine consump-
tion exposure scenarios were below the CDC guidance
value. This includes an exposure scenario in which it
was assumed that an individual consumed approximately
one-and-a-half glasses of wine containing the maximum
95" percentile of Pb (130.6 ug/L) every day. These re-
sults suggest that wine consumption is unlikely to be as-
sociated with a Pb-related health risk. White wine
consumption was associated with a higher BLL than red
wine consumption, due to both a higher concentration

Wine Origin Wine Type Average Exposure Scenario® High Exposure Scenario®
Geometric mean BLL (ug/dL) ABLL from baseline Geometric mean BLL (ug/dL) ABLL from baseline

All wine All Wine 1.74 +0.47 2.60 +1.33

Red Wine 1.68 +041 249 +1.22

White Wine 1.86 +0.59 342 +2.15
International wine All Wine 1.81 +0.54 284 +157

Red Wine 1.76 +0.49 268 +141

White Wine 1.86 +0.59 342 +2.15
United States wine Red Wine 133 +0.06 146 +0.19

? Mean wine-specific Pb concentration, median wine-specific consumption data, and baseline BLL of 1.27 ug/dL
b 95™ percentile wine-specific Pb concentration, median wine-specific consumption data, and baseline BLL of 1.27 pg/dL
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Table 5 Wine consumption required to elevate adult BLLs to guidance values

Guidance Value Geometric Mean Wine Type Average Exposure Scenario® High Exposure Scenario®

Agency BLL (ug/dL) g/day glasses/day” g/day glasses/day*

CcDC 5.0 All Wine 1532 104 548 37
Red Wine 1623 1.0 549 37
White Wine 1301 8.8 357 24
United States Wine 10488 709 3558 24.1

@ Assuming mean wine-specific Pb concentration and baseline BLL of 1.27 pg/dL

b Assuming 95 percentile wine-specific Pb concentration and baseline BLL of 1.27 ug/dL

€ Assuming 5 oz per glass of wine

of Pb in white wine, as well as a higher median con-
sumption of white wine among wine consumers. Under
the average exposure scenario (consumption of approxi-
mately one-and-a-half glasses of wine per day at the
mean Pb concentration), consumption of all wine types
was associated with a maximum BLL increase of
0.59 pg/dL, which is below the mean adult baseline BLL
of 1.27 pg/dL. Similarly, under the high exposure sce-
nario (consumption of approximately one-and-a-half
glasses of wine per day at the 95™ percentile Pb concen-
tration), consumption of United States red wine was as-
sociated with a maximum BLL increase of 0.19 pg/dL.
These findings suggest that background Pb exposure
(mainly from dietary sources) is the main contributor to
adult BLL in the typical wine consumer. In contrast,
consumption of all wine types under the high exposure
scenario increased the modelled BLL by 2.15 pg/dL,
which exceeded background BLL (Table 4). This finding
agrees with previous research which suggests that wine
consumption could be an important source of Pb expos-
ure among certain wine consumers (Elinder et al. 1988;
Birgisdottir et al. 2013; Tagne-Fotso et al. 2016).
Potential increased risk is driven by both wine type
and consumption rate. Specifically, under the average
exposure scenario, an adult would have to drink ap-
proximately 11 glasses of red wine or 8.8 glasses of
white wine per day in order to increase their BLLs to
the CDC guidance value of 5 pg/dL (Table 5). In con-
trast, under the high exposure scenario, an adult
would have to drink approximately 3.7 glasses of red
wine or 2.4 glasses of white wine per day in order to
increase their BLLs to the same extent. However, this
analysis also suggests that it is unlikely that an indi-
vidual could reach the CDC BLL guidance value as a

Table 6 Maximum acceptable limits of Pb in wine and
associated modelled Balls

Agency Wine Maximum Acceptable  Reference  BLL? (ug/dL)
Limit (Hg/l-) [Abaseline]

ol 150 OIV 2015 3.61 [+2.34]

Canada VOQA 200 VOA 2016 439 [+3.12]

result of consumption of wines from the United
States. Specifically, an adult consuming red wine from
the United States would have to drink approximately
71 or 24 glasses of wine per day under the average
and high exposure scenarios, respectively.

Out of the 472 wine samples, 13 samples resulted in
reported Pb concentration averages that were in excess
of the OIV 150 pg/L maximum acceptable limit for Pb
in wine, ten of which were Italian wines and three of
which were Brazilian wines. None of the samples were
above the Canada VQA standards of 200 pg/L. Modelled
BLLs based on these guidance values (assuming median
wine consumption rate) did not exceed 5 pg/dL, suggest-
ing that these current limits are protective of health
under the examined average exposure scenario (Table 6).
At the median consumption rate, a BLL of 5 pg/dL
would only be achieved if the wine contained 239 ug/L.
All of the United States red wine samples were far below
this value, again suggesting that United States wines do
not pose a Pb-related health risk.

While some wines were reported to contain Pb con-
centrations above the current EPA drinking water stand-
ard for Pb (15 pg/L), it is critical to note that the EPA’s
drinking water consumption rate is considerably higher
than the typical daily intake rate of wine. The recom-
mended maximum intake for wine is one to two 5-o0z
glasses per day, whereas the recommended daily intake
for water is 2.7 to 3.7 L (91 to 125 oz) per day, and the
EPA estimated consumption rate for adults is 2.4 L
(81 oz) per day (ACE 2008; DHHS 2005; EPA 2011,
2015). Furthermore, the maximum contaminant level
(MCL) takes into account “analytical methodology, treat-
ment technology and costs, economic impact, and regu-
latory impact” (EPA 1992). Taken together, wine
exceeding the MCL for Pb on a sporadic basis does not

Table 7 Wine Pb concentration required to elevate adult BLLs
to guidance values

Guidance Value Agency Geometric Mean BLL  Wine Pb Concentration
(ug/dL) (ppm)?

50 0.239

cbC

? Estimated using ALM model, assuming median NHANES consumption rate
for all wine types and baseline BLL of 1.27 pg/dL

2Assuming median NHANES wine consumption rate for all wine types and
baseline BLL of 1.27 pg/dL
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necessarily indicate an increased health risk due to Pb
exposure.

Strengths and limitations

Modeling Pb exposure scenarios is inherently limited by
the complexity of Pb toxicity, including inter-individual
variances. Factors that influence the toxicokinetics of
ingested Pb include age, genetics, fasting state, and nu-
tritional status (McCabe 1979; Mahaffey 1990; Onalaja
and Claudio 2000). To address this, we chose the ALM
model, which uses a general, population-based consider-
ation of these toxicokinetic parameters. The model was
further limited by the robustness of underlying wine Pb
concentration data. By matching the time period of ana-
lysis and consumption data, we excluded prior analyses
that may have included increased sample sizes for coun-
tries with high production of wine (i.e., white wine sam-
ples from the United States). However, the restriction of
this historical data improved the model by limiting the
wine to samples that were able to be consumed during
the dietary survey time period, as well as removing po-
tential confounding from historically increased environ-
mental levels of Pb.

The NHANES dataset is a large sample size national
health survey with high standards for data collection.
However, since dietary data is self-reported, there is po-
tential for exposure misclassification that may misestimate
wine consumption among adult users. Additionally, since
the NHANES data pertains to United States wine con-
sumers, it should be noted that the mean Pb content for
all wine samples may overestimate BLLs among con-
sumers that are more likely to drink wine produced in the
United States. Another limitation of the ALM model is
that it does not allow for the estimation of BLLs after
acute exposures to Pb. Renal effects among workers have
been observed at acute high-dose exposures (i.e., BLL in
excess of 60 pg/dL). However, an individual would experi-
ence symptoms from acute alcohol poisoning prior to
consuming the required number of glasses of wine to ele-
vate their BLL to this acute exposure threshold.

Areas for future research

Future quantitative risk analyses would benefit from
additional studies and more robust wine-specific infor-
mation on Pb content related to geographic origin, vin-
tage, and grape varietal (e.g., white wine in the United
States). Subsequent studies should also evaluate the po-
tential health risks from multiple metals in wine, as pre-
vious analyses have focused on individual metals such as
arsenic (Monnot et al. 2016). Previous studies have
noted that the metal content (specifically arsenic) is cor-
related with the price of the wine, with more expensive
wines having a lower arsenic concentration than less-
expensive wines (Paustenbach et al. 2016). It would be
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useful to evaluate if this observation holds true for other
metals as well. Additional studies evaluating BLLs in
populations of wine drinkers relative to non-wine
drinkers may also be insightful in determining the accur-
acy of our findings, as well as the best way to model Pb
exposures.

Conclusions

This analysis used a biokinetic model to perform a risk
assessment of Pb exposure from wine consumption
among adults. Overall, findings suggest that Pb content
in United States and international wine does not pose a
health risk to adult wine consumers under both average
and high exposure scenarios. Consumption of United
States wines was associated with maximum BLL in-
creases that were below background adult BLLs. This
evaluation also demonstrates that the safety of beverages
should be assessed not only by determining the presence
and amounts of hazardous contents, but also by examin-
ing the hazard in context of relevant background expo-
sures and through comparison to guidance values.
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