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APPENDIX

Aerial contamination in the wine industry

In many wine industry taint cases, both in Australia and overseas, investigations have
revealed that the taint occurred as the result of contamination due to airborne
chemicals, including halogenated phenols, halogenated anisoles, ethylphenols, cresols
and aromatic hydrocarbons including naphthalene and substituted naphthalenes
(Chatonnet et al. 2004, Del Re et al. 1977, Strauss et al. 1985, Tanner and Sandoz
1973). In fact, the tainting of food and materials contacting food due to aerial
contamination is a major source of concern to the food industry in general (Anon
20074, Coulter et al. 2008, Whitfield 1983).

Volatile phenols, such as guaiacol, 4-methylguaiacol, cresol isomers and others have
contributed to the tainting of grapes in Australia, and subsequent wines, due to
exposure of vineyards to smoke from bushfires since 2003 (Coulter et al. 2022 and
numerous references contained therein). The aerial contamination of grapes by
bushfire smoke can lead to substantial costs for the wine industry. For example, the
value of the loss of wine not produced in north-east Victoria due to the 2006/2007
fires was estimated to be between $75 to 90 million (Whiting and Krstic 2007).

Work conducted by the AWRI has shown that the 1,8-cineole (eucalyptol) found in
grapes from vines in close proximity to Eucalyptus trees originates from those trees,
with the mechanism being airborne transfer (Capone et al. 2012). Capone et al. (2012)
indicated that the “concept of airborne transfer of volatile organic compounds is not
surprising as it has been shown to occur in other studies, including those involving
plants.”

In one investigation conducted by the AWRI, all the wines and equipment within a small
winery became tainted with 2,4,6-tribromoanisol (TBA) due to the accumulation of TBA
vapors within the winery (Anon 2008). Chatonnet et al. (2004) investigated a large
number of cases of wines polluted during storage in facilities where the atmosphere
was contaminated with TBA. In some cases, even though the original source of TBA
had been removed, residual pollution adsorbed on walls was considered to be
sufficient to cause ongoing tainting. The researchers indicated that polyethylene- or
polyester-based winemaking equipment, vulcanised rubber gaskets and silicone bungs
readily absorb pollutants from the air and then release them into wine over time
(Chatonnet et al. 2004).

Other investigations conducted by the AWRI have shown that oak barrels, wine and
perlite (a clarifying agent) are capable of becoming contaminated with aromatic
hydrocarbons (e.g. alkylbenzenes and naphthalene) after exposure during transport
(Anon 2008). In the case of the perlite contamination, the clarifying agent became
contaminated during a four-hour truck journey when exhaust fumes leaked into the
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storage compartment at the back of the truck. Testing showed that the perlite was
clean (i.e. not contaminated) before the journey but was tainted after the journey.

In 1999 a study of Fluoride Monitoring in Grape Vine Leaves was conducted by HLA-
Envirosciences Pty Limited, as reported by the New South Wales Government Hunter
New England Area Health Service (Anon 2005). One particular vineyard in the study,
which was 16 km from one of the Hunter Valley’s power plants and that was aligned
with a SE/NW wind axis, exhibited higher fluoride concentrations in grape leaves than
other vineyards. Anon (2005) indicated that a study conducted by the Environmental
Protection Authority (EPA) showed that the valley “tends to channel wind so that
prevailing SE and NW winds carry pollutants along the valley in regional drainage flows
that may be up to several hundred metres deep.” The EPA study also indicated that
episodes of local elevated concentrations of pollution occur with stable weather and
light winds and with temperature inversions.

Moret et al. (2000) investigated the contamination of grapeseed oil with polyaromatic
hydrocarbons (PAHs). These authors reported that the PAH contamination could be
traced back to exposure of the pomace (containing grape seeds) to vehicle exhaust
gases when the pomace was amassed in the open during the drying process.

Atmospheric emissions as sources of taint

Tanner and Sandoz (1973) conducted investigations into the cause of phenolic taints
in wines from central Switzerland. These authors established a direct link between the
proximity of vineyards to a copper wire insulating factory and the presence of phenolic
taint compounds in the tainted wines. Air samples taken at 80 m and 300 m from the
factory were determined to contain 50 ug of cresols (phenolic compounds) per m?® and
25 ug of cresols/m?3, respectively. Both m-cresol and p-cresol were detected in the
tainted wines. Note that Dietz and Traud (1978) indicated that the taste thresholds of
m-cresol and p-cresol in water (18-22°C) were both 2 pg/L. Tanner and Sandoz (1973)
obtained similar findings for other contaminated wines made from grapes sourced
from vineyards in an industrial area near Veltlin, Switzerland. In these cases the
vineyards were either near a railway sleeper processing factory or a bitumen factory.
The authors concluded that wines could become tainted due to pollution of vineyards
from nearby factories emitting phenolic compounds into the atmosphere.

Del Re et al. (1977) conducted an investigation into wines produced in Valtellina, a
premium wine region of northern Italy that exhibited phenolic taints. These authors
established a relationship between the contaminated wines and the activities of a
chemical plant located in the proximity of the vineyards where the grapes were
collected for winemaking. The compounds phenol, 3-ethylphenol, 4-ethylphenol, 3,4-
dimethylphenol and 2,5-dimethylphenol were determined to be in the vapours
generated from resins produced in the chemical plant, and in air samples collected in
the area surrounding the plant. These compounds were also detected in the air at a
vineyard located 700 m from the chemical plant. Commercial wines produced in
Valtellina during the years 1970-1974 exhibited phenol concentrations of up to

156 pg/L, 2,5-dimethylphenol concentrations of up to 182 ug/L, and total ethylphenol
concentrations of up to 743 ug/L. ‘Sforzato’ wines, made with grapes left on the vine to
dry, were generally characterised by higher levels of these phenolic pollutants.

Del Re et al. (1977) concluded that the phenolic taints observed in the wines in the
region were due to industrial air pollution.



In one particular food industry taint case, biscuits became aerially contaminated with
the chlorophenol compound 2-chloro-6-methylphenol, commonly known as
6-Chloro-o-cresol (6CC). The taint was linked to the presence of two agrochemical
plants within an 8 km radius of the biscuit factory where the 6CC was an impurity in a
particular herbicide. It was found that trace quantities of 6CC were carried towards the
biscuit factory when the wind was blowing in the right direction. The relatively high fat
content of the biscuits acted as a solvent for the airborne 6CC contaminant as the
biscuits emerged from the oven (Griffiths and Land 1973, Mottram 1998).

In another food industry taint case involving soft drink contamination, the taint
(suspected to be mainly due to 6CC) was deduced to be due to the airborne
contamination of the empty drink cans stored in a warehouse situated near an
agrichemical plant. When the wind blew from the direction of the plant towards the
warehouse, volatile impurities (chlorophenols) were blown into the warehouse where
they were absorbed onto the surfaces of the exposed cans (Whitfield 1983).

Atmospheric exposure of plants to polyaromatic hydrocarbons (PAHs)

Edwards (1983) conducted a review of more than 30 papers that addressed the fate of
PAHSs in the terrestrial environment, and which investigated the concentrations of
PAHSs in more than 40 different types of plants. At the time, Edwards (1983) indicated
the consensus was that PAHs can enter the food chain by contamination of
vegetation. The results of subsequent investigations supported Edwards’ statement
with the investigators considering that the most important route of contamination of
plants with PAHSs is via atmospheric exposure of plants to those PAHs (Phillips 1999,
Tao et al 2003, Wang et al. 2018, Wu et al 2004, Wild and Jones 1992). Whilst
Edwards’ (1983) review was on PAHs, he made a number of conclusions which could
equally be applied to other types of atmospheric contaminants, for example:

e plants with broad leaves contained more of the contaminants than plants with
narrow leaves, indicating a possible correlation between leaf surface area and
direct absorption from the atmosphere [note that grapevine leaves are broad and
have a large surface area];

e most contamination of vegetation is by direct deposition from the atmosphere;

e some terrestrial plants can take up contaminants through their roots and/or leaves
and translocate them to various plant parts;

e contaminants may concentrate in certain plant parts more than in other parts; and

e emitted contaminants may be spread over long distances.

Edwards’ (1983) conclusions are consistent with the cases briefly discussed above
(Anon 1984, Anon 2003, Del Re et al. 1977, Coulter et al. 2022 and Tanner and Sandoz
1973), which showed that vineyards exposed to chemicals in the atmosphere resulted
in the presence of those chemicals in wine produced form the vineyards.
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