ABSTRACT: Wine industry workers
have a number of specific health
risks associated with their occupa-
tion. Viticulture workers are at risk
of work-related musculoskeletal
problems, especially of the wrists
and hands, from vine pruning work,
and can develop allergic diseases,
including occupational asthma, from
exposure to insect pests growing on
vines. They may also be at risk of
iliness from exposure to the many
classes of pesticides used to keep
vine pests in check. Wine produc-
tion workers also face health risks.
The most serious of these—working
in confined spaces with low oxygen
and high carbon dioxide levels—can
cause death. Winemakers and wine
tasters may suffer significant dental
erosions and sensitivity as a result
of the acidic nature of the wines
they need to taste numerous times
a day. This problem can seriously
affect their ability to practise their
profession. While work-related
injuries are more commonly report-
ed than work-related diseases in
the wine industry, physicians as-
sessing the medical problems of
wine industry workers should be
aware of the occupational health
risks faced by these individuals.
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Occupational health risks
of wine industry workers

Workers in vineyards and wineries can be exposed to a number of
hazards, including toxic pesticides and low-oxygen environments.

he Canadian wine industry has

become more sophisticated

over the years and has seen
improvements in product quality and
competitiveness. Over the last decade,
sales of domestic wines in Canada have
increased by more than 50%.' British
Columbia is a significant participant
in this industry and has seen very rapid
growth in wine production and the
number of people employed. Wine
industry workers in BC face specific
health risks associated with their work.
In addition to appreciating the fruits of
this labor, physicians should be aware
of the potential occupational health
problems faced by their patients
employed in this industry.

Viticulture workers

Workers in vineyards run the risk of
the same accidental injuries faced by
all agriculture workers. They are also
exposed to the same hazards associat-
ed with outdoor work, such as noisy
machinery, insects, snakes, inclement
weather, solar radiation, and thermal
stress.>* In addition, viticulture work-
ers are at risk of musculoskeletal dis-
orders, asthma caused by mite expo-
sure, and illness caused by pesticide
exposure.

Musculoskeletal disorders

While tending vineyards, viticulture
workers do a variety of highly repeti-
tive tasks that predispose them to

developing work-related musculo-
skeletal disorders, including back and
neck strains as well as a variety of
tendinopathies and neuropathies of the
upper extremities.* Pruning vines can
produce significant biomechanical
strains because of the repetitive
actions, forceful motions, and awk-
ward postures required.” Workers gen-
erally have to make more than 30 cuts
per minute, many hours a day, for many
weeks during the growing season.
Viticulture workers who prune
vines tend to have a high prevalence of
symptoms affecting the upper ex-
tremities. One study of French viti-
culture workers found that 20% had
signs and symptoms of carpal tunnel
syndrome and there was a significant
association of injury with number of
vines cut per day.® In another study,
Roquelaure and colleagues’ found 37%
of viticulture workers had nocturnal
hand paresthesia, and 12% had hand-
wrist pain, predominantly of the dom-
inant hand. Risk factors included using
manual shears, being female, being
overweight, and pruning on a piece-
work basis. Both studies, however,
noted that the symptoms tended to be
limited to the pruning season, with
the majority of workers improving
when they stopped this activity.

Dr Youakim is a consultant with Occupa-
tional Disease Services, WorkSafeBC.



Asthma caused by

mite exposure

Spider mites (e.g., Tetranychus mcdan-
ieli) are acarids that commonly infest
fruit trees, greenhouse plants, and
grape vines. They may occur in high
numbers in vineyards, causing damage
to the plants and reducing grape pro-
duction by sucking on the leaves and
buds. Spider mites can also cause aller-
gic diseases in workers, including der-
matitis and urticaria, conjunctivitis,
rhinitis, and asthma.*'* Cross-
reactions with other ubiquitous aca-
rids, such as the common house dust
mite and the storage mite, have been
reported.'"” With workplace exposure,
some affected individuals may have
exacerbations of their underlying aller-
gic diathesis.

Individuals who develop allergic
disease after exposure to spider mites,
especially asthma, shouldbe identified
early and removed from further expo-
sure to ensure the best prognosis.
Guidelines for evaluating occupation-
al asthma are available.”' The physi-
cian needs to first confirm the diagno-
sis of asthma by clinical assessment
and objective testing, including pre-
and post-bronchodilator response or
methacholine challenge. Once the dia-
gnosis is confirmed, the occupational
relationship should be assessed. Typi-
cally, this includes a history of exac-
erbation of symptoms while working
and improvement away from the work-
place. Serial peak expiratory flow test-
ing and methacholine challenges at
work and away from work should pro-
vide objective confirmation of the rela-
tionship between reversible airway
obstruction and the workplace.

lliness caused by pesticide
exposure

British Columbia vineyards have many
pests that reduce the production and
vigor of vines. The diversity of pests,
however, is less than that found in
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older, more established wine-growing
regions in Europe and California.

A variety of pesticides are used to
control pests in British Columbia,
including organophosphates, carba-
mates, organochlorines, pyrethroids,
fungicides, and herbicides."” Each pes-
ticide group has its own specific toxi-
city profile. The most important

Organophosphates: These com-
pounds irreversibly bind and inactivate
acetylcholinesterase, thus inhibiting
the breakdown of acetylcholine at
nerve synapses and muscle neural end-
plates, and inducing a hypercho-
linergic state.”

In addition to inhalation, dermal
absorption is an important route of

All workers who handle pesticides
or are near areas of pesticide application

r

routes of occupational exposure are
inhalation and dermal absorption.
Ingestion is less typical. All workers
who handle pesticides or are near areas
of pesticide application risk exposure
and illness. Most pesticides can cause
a variety of dermatoses, including irri-
tant and allergic contact dermatitis.'*"
Re-entry into a sprayed field too soon
after application may result in un-
wanted exposure. As a general rule, re-
entry should be restricted to 24 to 48
hours after spraying, depending on the
inherent toxicity of the pesticide.
Manufacturer recommendations
should be followed.

A brief overview of some of the
pesticides commonly encountered in
vineyards follows. More detailed re-
views, which include medical manage-
ment of pesticide exposure, are avail-
able elsewhere.'*"

isk exposure and illness.

occupational exposure for many or-
ganophosphates. The severity of signs
and symptoms of acute exposure
depends on the absorbed dose. Signs
and symptoms may include myosis,
blurred vision, headache, nausea, diz-
ziness, sweating, salivation, lacri-
mation, rhinorrhea, bronchorrhea,
bronchospasm, chest tightness, cough,
wheezing, pulmonary edema, vomiting,
abdominal cramps, diarrhea, muscle
fasciculation, weakness, tremors, in-
coordination, anxiety, restlessness,
depression, memory loss, confusion,
bizarre behavior, loss of conscious-
ness, incontinence, convulsions, res-
piratory depression, toxic cardiomy-
opathy, and bradycardia. Death can
result from respiratory failure and
sinus arrest.

After the resolution of the acute
symptoms, the intermediate syndrome
occurs, typically 24 to 96 hours (1 to
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4 days) after exposure. This manifests
as respiratory paresis and muscular
weakness, particularly of facial and
neck muscles as well as those of the
proximal limbs. Cranial nerve palsy
and decreased deep tendon reflexes can
occur.
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sample for the enzyme activity serves
this purpose. Post-exposure erythro-
cyte acetylcholinesterase activity can
be compared with the pre-exposure lev-
els. The same laboratory and assay
technique should be used for pre- and
post-exposure evaluations. A decrease

Measuring erythrocyte acetylcholinesterase
activity is a good way to monitor viticulture
workers for organophosphate exposure and

pre-clinical toxic effects.

Organophosphates can also pro-
duce a rare condition called organo-
phosphate-induced delayed neuro-
pathy (OPIDN). This manifests as
weakness or paralysis and paresthesia
of the extremities, especially the legs,
and can last for weeks or years.

Some individuals can have long-
term neuropsychiatric sequelae, includ-
ing memory, concentration, and mood
problems, as well as poorer perfor-
mance on neuropsychological testing.”

Blood tests for organophosphate
exposure primarily measure acetyl-
cholinesterase of red blood cells. Plas-
ma pseudocholinesterases can also be
measured in cases of acute exposure.
In some cases, specific organophos-
phate metabolites can be measured in
the blood or urine.

Measuring erythrocyte acetylcho-
linesterase activity is a good way to
monitor viticulture workers for organo-
phosphate exposure and pre-clinical
toxic effects. Plasma pseudocholines-
terase tends to be too variable and unre-
liable for monitoring purposes. Since
erythrocyte acetylcholinesterase activ-
ity can demonstrate relatively high
interindividual fluctuations, a refer-
ence value for each individual should
be available. A pre-exposure blood
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to 70% baseline or less of acetyl-
cholinesterase activity can be attrib-
uted to overexposure to cholinesterase
inhibitors.* If this occurs, the worker
should be removed from further pesti-
cide exposure and work practices
should be assessed. Return to work
can be considered when the erythro-
cyte acetylcholinesterase activity has
improved to greater than 80% baseline
and the workplace exposure factors
have been mitigated.

Carbamates: The toxicity profile of
carbamates resembles that of organo-
phosphates. Like organophosphates,
carbamates also inhibit acetylcholine-
sterases. However, this is a reversible
process and carbamate exposure gener-
ally tends to have less severe and less
prolonged effects than organo-
phosphate exposure.

Organochlorines: Acute effects from
organochlorine® pesticide exposure
involve primarily nervous system
hyperactivity. Signs and symptoms
of toxicity include headaches, dizzi-
ness, nausea, vomiting, incoordina-
tion, confusion, paresthesias,
tremors, and hyperreflexia. General-
ized seizures can follow a severe expo-

sure and can be difficult to treat. Coma
and respiratory depression can also
occur. Some of the organochlorines
are fat soluble; they can be stored in
the body for years and can be found in
human breast milk; they may also act
as neuroendocrine disrupters. Cancer
risk associated with this class of pes-
ticides is believed to be related to co-
exposure with dioxin-contaminated
herbicides.

Pyrethroids: These compounds are
synthetic analogs of naturally occur-
ring pyrethrin, which is produced by
chrysanthemums. One product com-
monly used in vineyards, permethrin,
has a very low toxicity profile. If ap-
plied on moist skin it may cause tran-
sient paresthesias. Sensitization and
allergies have been reported.

Fungicides: The most commonly used
fungicides in BC vineyards consist of
the various sulfur preparations. Sulfur
can be irritating to the skin, eyes, and
respiratory tract.

Fungicides such as benomyl and
iprodine have little or no reported sys-
temic toxicity in humans. Benomyl
may cause photoallergic dermatitis.*

Copper-containing fungicides can
be irritating to the skin, the respirato-
ry tract, and especially the eyes. Cop-
per sulfate can be corrosive to mucous
membranes and the cornea. With chro-
nic exposure, a mixture of copper sul-
fate andlime known as “Bordeaux mix-
ture” can cause “vineyard sprayer’s
lung,” a granulomatous fibrosing lung
disease.”*

Herbicides: Most herbicides specifi-
cally affect plant metabolism and
therefore tend to have low toxicity pro-
files for mammals. Glyphosate can
cause photodermatitis.” Paraquat, a
nonselective contact herbicide some-
times used in BC vineyards, can be
highly toxic if improperly used.



Paraquat is poorly absorbed by
inhalation. Paraquat exposure occurs
primarily from ingestion (accidental or
purposeful) or dermal absorption
though damaged skin. The primary tar-
get organ is the lung. Following sys-
temic absorption, paraquat accumulates
in pneumocytes causing oxidative dam-
age to the lungs. Death commonly fol-
lows from circulatory failure or in a
week or two from pulmonary damage
and fibrosis. Paraquat can cause skin
irritation and contact dermatitis, as well
as nail damage and loss.”*”

Wine production workers
Individuals working in the quality-
control laboratories of wineries are fre-
quently exposed to small quantities of
toxic chemicals. Wine production
workers may be exposedto small quan-
tities of chemical additives in the mak-
ing of wine. They may also be exposed
to chemical products used to clean and
sterilize winemaking equipment. The
substances are often caustic and irritat-
ing to the skin, mucous membranes,
and respiratory tract. Some of the addi-
tives, such as sulfites and metabisul-
fites can result in allergic reactions,
including occupational asthma.* Ade-
quate ventilation, the use of fume
hoods, and personal protective equip-
ment can generally reduce the risk from
these types of exposures.

Confined space risks

One of the most serious occupational
risks faced by wine production work-
ers involves working in a confined
space. Avoidable fatalities have
occurred too many times because
appropriate safety measures and proce-
dures were ignored.”” Such a tragedy
occurred in a small wine operation in
Oliver, BC, in 2002. The owner of the
facility was trying to open the jammed
hatch of a 500-gallon wine storage
tank when the hatch gave way and he
fell through a small opening. His up-

per body was stuck in the tank and he
quickly lost consciousness. A friend
attempted to rescue him but was un-
able to pull him out. The rescuer then
pushed the unconscious man into the
tank and proceeded to enter the tank
himself in order to push the man out
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ide, which can then attain very high
concentrations in a confined space. The
fatality investigation at Oliver con-
cluded that the carbon dioxide concen-
tration in the head space of the storage
tank was over 100000 ppm or 10%
(normal atmospheric carbon dioxide

Hypoxic environments frequently

occur in wine storage and

fermentation tanks as a result of the

biologic activity of fermenting wines.

from the inside. The rescuer also quick-
ly lost consciousness and both men
perished.

Confined spaces are defined as en-
closed or partially enclosed areas with
restrictive means of entry. In the wine
industry these consist mainly of stor-
age and fermentation tanks. Hypoxic
environments frequently occur in these
tanks as a result of the biologic activi-
ty of fermenting wines. The hemo-
globin saturation and the oxygen con-
tent of blood can decline very rapidly at
low atmospheric oxygen concentra-
tions. Entry into these areas without
adequate respiratory protection, includ-
ing supplied air, can result in rapid
hypoxemia with decreased exercise
capacity and mentation ability. Loss of
consciousness, apnea, and cardiac stand-
still can occur quickly in an atmosphere
of less than 6% oxygen.*

In addition to creating a low-oxygen
environment, wine fermentation can
produce large quantities of carbon diox-

concentration is approximately 350
ppm or 0.04%) and the oxygen was at
16%. At moderate concentrations, car-
bon dioxide behaves as a simple
asphyxiant replacing oxygen. Howev-
er, at higher concentrations carbon diox-
ide can be directly toxic to central ner-
vous system function, producing
narcosis. Breathing carbon dioxide at
concentrations greater than 10% can
produce unconsciousness in less than 1
minute and, failing rescue, death.”*

Dental erosions
Decalcification of human teeth can
occur with repeated exposure to acidic
solutions such as fruit juices and car-
bonated soft drinks, or with frequent
emesis and regurgitation as seen
among alcoholics andbulimics. Dem-
ineralization of enamel commences at
a pH of less than 5.7.

Wines contain approximately 5 to
8 g/L of tartaric and malic acids, 1 to
3 g/L of lactic acid, and smaller
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amounts of other acids, including suc-
cinate and citrate. The pH of wines
ranges from 3.2 to 3.8. Winemakers
may do 5 to 50 tastings per day, hold-
ing and swirling each wine in the
mouth for approximately 15 seconds
at a time for adequate degustation. A
winemaker will typically taste thou-
sands of wines in his or her career. One
professional wine taster was estimated
to have had 245 000 acidic wine expo-
sures over a 23-year period.” Given
this level of exposure, it is not sur-
prising that the phenomenon of dental
erosions has been described among
winemakers and wine tasters.”*

The affected individual typically
complains of a sore mouth with gener-
al discomfort of the teeth, especially
when consuming anything cold. Ex-
amination reveals extensive and wide-
spread erosion. Without treatment,
this problem can seriously hamper the
individual’s livelihood and dental con-
sultation is advisable. Application of
topical fluoride may reduce erosion.
Frequent rinsing with an alkaline solu-
tion or other solutions can help neu-
tralize the acidity. For obvious reasons
any treatment shouldnot interfere with
the individual’s sense of taste.

Conclusions

WorkSafeBC data do not permit reli-
able identification of wine industry
worker claims, but available informa-
tion indicates that from 1990 to 2005
(15 years), only 5 claims for oc-
cupational disease were filed, com-
pared with almost 500 claims for in-
jury from 1997 to 2005 (9 years). The
occupational disease claims included 3
cases of irritant contact dermatitis fol-
lowing cutaneous metabisulfite expo-
sure; 1 case of sulfurous powder
inhalation resulting in transient upper
respiratory tract irritation; and 1 mild
case of carbon dioxide poisoning
caused by failure of a CO, detector.
The majority of the injury claims were
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for traumatic injuries, including 19
cases related to repetitive activity. A
very small number of claims involved
other injuries caused by noise expo-
sure, insect bites, and exposure to
welding light.

Care must be taken when inter-
preting this crude data, but the general
impression is that injuries are much
more common than diseases among
wine industry workers. While these
numbers may indicate a higher risk of
injury relative to disease among wine
industry workers, they may also re-
flect a failure of the medical commu-
nity to recognize occupational diseases
among these workers.

Given the potential for work-relat-
edillness revealed by this brief review
of some occupational health risks fac-
ing wine industry workers, physicians
should always consider their patients’
work activities when assessing their
medical problems. A specific cause of
illness may be identifiable, and once
identified it may be rectified. Just as
important is the need to identify high-
risk activities such as working in con-
fined spaces. A physician who has any
doubts about the safety of work prac-
tices or knows workers are being ex-
posed to hazards should contact Work-
SafeBC’s Prevention Services to
request a workplace evaluation (1 888
621-7233). Action in some cases can
be lifesaving.
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