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Industrial Disease Standards Panel

In 1985 the Ontario legislature established the Industrial Disease
Standards Panel (IDSP) to investigate and identify diseases related
to work. The Panel is independent of both the Ministry of Labour
and the Workers' Compensation Board. At the end of each fiscal
year the WCB reimburses the Ministry for the Panel’s expenditures.

The Panel’s authority flows from section 95 of the Workers’ Corme-
pensation Act and its functions are set out as follows:

(8) (a) to investigate possible industrial diseases;

(b) to make findings as to whether a probable connection
exists between a disease and an industrial process, trade or
occupation in Ontario;

{¢) to create, develop and revise criteria for the evaluation of
cdaims respecting industrial diseases; and

{d) to advise on eligibility rules regarding compensation for
claims.

Decisions of the Panel are made by its members who represent
labour, management, scientfic, medical and community interests.
Once the Panel makes a finding, the WCB is required to publish
the Panel’s report in the Ontario Gazette and solicit comments
from interested parties. After considering the submissions the
WCB Board of Directors decide if the Panel’s recommendations
are to be implemented, amended or rejected.

To assist with its work the Panel has a small staff of researchers,
analysts and support people. In addidon to its own staff, the Panel
relies heavily on the advice of outside experts in science, medicine
and law, as well as input from the parties of interest.
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Dear Mr. DiSanto,
Enclosed is a copy of the Panel's: "Interim Report to the Workers'
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I would be pleased to discuss the Report with you. Please let me
know when it would be convenient. to do so.

Sincerely,

Ml

Nicolette Carlan,
Chair
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The Issue and
How it Arises

Investigations
by the Panel
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Boeing of Canada, deHavilland Division (now known as
deHavilland Inc.) manufactures aircraft and McDonnell Douglas
Canada Ltd. manufactures aircraft wings composed of aluminum.
The workers at both plants have been very concerned about their
exposure to aluminum dust and aluminum welding fumes.

The Workers’ Compensation Board has no policy about alumi-
num claims. On December 16, 1988, the following questions were
referred to the Industrial Disease Standards Panel by Dr. R. G.
Elgie, then Chair of the Workers’ Compensation Board:

,{ftbearmuertotbn‘ -
7 gtbePaneltoladd _:tbeﬁ

After conductmg some prehmmary investigations, the Panel has
decided to expand the scope of questxon 2) and ask:

The Canadian Auto Workers have asked the Panel to recommend
that the “precursor clause” in Secdon 1 (1) (n) (iii) of the Workers’
Compensation Act be applied when certain blood aluminum levels
are found.

The Panel has reviewed the medical literature about aluminum
and its effects. The IDSP issued a Progress Report on October 20,
1989 which included a detailed literature review. (146) That Re-
port identified the need for further investigations “concerning
health effects among Ontario aircraft workers resulting from ex-
posures to a variety of substances.” (45}
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Since then, the Panel has further reviewed the medical literature
and has consulted several leading experts on the subject.

The Panel has reviewed Ministry of Labour hygiene reports on
plant conditions at McDonnell Douglas made between 1985 and
1992 and at Boeing—deHavilland made between 1984 and 1992.
Some of the current Panel members have visited both plants.

The Panel obtained an independent legal opinion on the precur-
sor clause from the law firm of Cornish Roland. 20) The Panel
has also considered a legal opinion provided by the Canadian Auto
Workers. (16)

The Panel has solicited and considered several proposals for a
study of the health effects of aluminum in these workers and has
recerved comments on those proposals from several peer reviewers.

The Panel has routinely consulted iabour and management in-
volved in these issues.

"The aircraft workers are represented by several locals of the Cana-
dian Auto Workers. Union leaders state that there is sufficient evi-
dence to establish that the workers’ occupational exposure to
aluminum could lead to serious health effects. They are particu-
larly concerned about neurological illness and cognitve deficits.
They state that some of the members are suffering from symp-
toms such as dizziness, headaches, nausea, memory loss and irrita-
bility. They attribute these problems to aluminum exposure
because:

Our understanding is that it is established that
aluminum exposure in industry can and has
caused neurological damage, lung disease and
death. There is a great deal of evidence of
aluminum related toxicity from animal research
and the effects on in-vitro tissues. Further, the
effect of aluminum intoxication on patients un-
dergoing renal dialysis establishes that aluminum
does cause neurological damage. And finally, it
has been clearly established that people with
Alzheimers have high levels of aluminum in the
brain compared to the average person who has
very low levels. (36)

The Panel’s preliminary investigations found that the following
evidence might support these concerns:

*  Very high levels of aluminum in some kidney dialysis patients

are the recognized cause of a usually fatal brain disorder
known as dialysis encephalopathy syndrome (*DES”);
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*  Encephalopathy has been reproduced in animals by exposing
them to aluminum;

* There is considerable evidence that high levels of aluminum
appear in the brains of victims of Alzheimer’s Disease;

* Some, but not all, environmental studies have shown a greater
incidence of Alzheimer’s Disease in localities which have high
levels of aluminum in drinking water; and,

* A preliminary report suggests that some northern Ontario
miners who were exposed to high levels of aluminum may
have suffered some cognitive eftects as a result of that
exposure.

Because of its concern for the workers’ health, the Union has ar-
ranged for the Ontario Workers” Health Centre (“OWHC”) to
conduct medical monitoring of the workers in both aircraft plants.
Based upon research conducted at the University of Western On-
tario, the Union and the OWHC contend that “normal” alumni-
num levels in healthy, non-occupationally exposed persons are at
most 371 nanomoles (“nmol”) per litre of blood and 556 nmol/
litre of urine. (73)

The OWHC’s April 6, 1989 report states that, of 1029 McDonnell
Douglas workers tested, 184 had at least one blood aluminum
measurement above that normal level and when averaged by the
number of tests per worker, 146 had blood levels above normal.
The vast majority were under 500. However, there was one result
at each of the following three levels: between 2601 and 2700; be-
tween 2001 and 2100; and between 1401 and 1500 nmolAitwe of
blood.

Although specific urine test results were not listed in that report, it
does state that 459 McDonnell Douglas workers had at least one
urine or blood level which was above the levels which they con-
sider normal.

While the Union acknowledges that any “dose-response” rela-
tionship is not yet known (36), it maintains that there is sufficient
evidence to establish that these levels increase the risk of damage
to health and have expected that action would be taken to prevent
damage to the health of these workers.

On this evidence, the Union is asking that workers who report
blood aluminum levels in excess of 371 nmol/litre be removed
from the workplace and compensated for lost time. In its view, the
Workers’ Compensation Board has the responsibility and author-
ity to take this action under the “precursor clause” (Section 1 (1)
(n) (iii)) of the Workers’ Compensation Act.
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The Panel’'s
Findings to Date

The Union has also requested a comprehensive medical and epi-
demiological investigation of the health effects of aluminum expo-
sure in the aircraft industry.

McDonnell Douglas made a detailed submission to the Panel (103)
which included copies of scentific studies and several “Health and
Safety Notes” published by the Company which contend that alu-
minum exposure at the plant is not a health hazard to its workers.
The package also contained reports on blood aluminum tests indi-
cating that, of 54 current employees tested, only one had a blood
aluminum level above 372 nmol/litre. However, of 152 newly
hired workers, 19 had blood aluminum levels above 372 nmol/
litre on pre-employment tests. Of 58 recalled employees, 18 had
results above that level before returning to work. McDonnell
Douglas argued that aluminum levels are commonly raised by diet
and the use of antacids and can be reduced to normal levels by
controlling those sources regardless of occupational exposure.

Boeing—deHavilland has not made submissions to the Panel on
the aluminum issue.

Although both companies were also asked to provide their com-
ments on the appropriate application of the precursor clause, nei-
ther has done so.

The Panel has reviewed the medical literature on this subject and
has consulted numerous experts in order to investigate a broad
range of possible outcomes of aluminum exposure, incuding
Alzheimer’s Disease. It has reviewed epidemiological surveys of
the aircraft, pyrotechnics and aluminum industries. It has also
considered reports of clinical findings, research on animals, anec-
dotal evidence from workers, employers and doctors, and has re-
viewed WCB claims.

Background

Aluminum is 2 naturally occurring substance and is the most com-
mon metal in the earth’s crust. (65, 92) Daily exposure is unavoid-
able by ingestion through food and water and by inhalaton from
the atmosphere. Aluminum has no known nutritional benefit.
(134)

Normal daily intake in adults is estimated to be about 9 to 14 mil-
ligrams (120) but may be much higher depending on diet and in-
take of aluminum-containing medication such as antacids. (84, 65,

142) Normal total body aluminum content is in the range of 30 to
40 milligrams. (5)
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It is important to distinguish
between the amount of
aluminum to which people
are exposed and the amount
of aluminum which is not
efiminated but is absorbed
by the body and accumulated
in tissue.

In healthy people, the “blood-
brain barrier” almost completely
prevents aluminum from accum-
ulating in the brain.

Studies of overall death rates in
aluminurmn workers found either
no increase or lower rates than
expected.
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All the medical experts consultted by the Panel have advised that it
is important to distinguish between the amount of aluminum to
which people are expased and the amount of alurnimum which is not
eliminated but is absorbed by the body and accumulated in tissue.

The skin, lungs and gastrointestinal tract “serve as almost com-
plete barriers to aluminum absorption.” (5) In healthy people, the
“blood-brain barrier” almost completely prevents aluminum from
accumnulating in the brain. (23) Some researchers believe that
Alzheimer’s Disease involves a defect in the blood-brain barrier,

which is discussed further below.

"The highest accumuladon occurs in the lungs and bone. (134) Al-
though the concentraton of alumninum is highest in lung tissue,
50% of body burden occurs in bone because bone mass is so much
greater than lung mass. (58) Accumulaton in the lungs (65) and
brain (134) appears to increase with age. (32)

Occupational Surveys

Mortality
Studies of overall death rates in aluminum workers found either
no increase (47, 60) or lower rates than expected. (106, 59)

Cancer

A survey of the aircraft indusary found that numbers of cancer
and nervous system diseases were lower than expected. (59) In
addition, a 1988 review of the literature concluded that, except
perhaps in cases of extremely high exposure, aluminum is not
carcinogenic. (91)

Two surveys of mortality in aluminum reduction plant workers
found increases in cancer rates (128, 106) one of which attributed
this to coal tar pitch volatiles. (106)

Two epidemiological studies found evidence of increased rates of
bladder cancer in workers in the aluminum industry. (149, 147)
One of those researchers related the increase to polycyclic aro-
matic hydrocarbon exposure (149} and the other related it to ex-
posure to coal tar pitch volatles. (147)

Respiratory effects

For a few years there were reports of lung fibrosis having occurred
in workers who produced fine aluminum powder in the pyrotech-
nics industry. (110, 83, 111, 105) The cause of those diseases is now
attributed to the mineral cil coating which was applied to the alu-
minum particles in England between 1948 and 1955. In those
cases which did not involve coated aluminum particles, the cause
of the fibrosis has been atuibuted to the workers” exposure to
silica, rather than to their exposure to aluminum. (41, 112)




No Alzheimer’s Disease or
lung fibrosis deaths were
found in a mortality study
of 5,406 Canadian aluminum
smelter workers.
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However, lung fibrosis in one Belgian metal polisher was attrib-
uted to the worker’s heavy aluminum dust exposure. (40)

Two surveys found increased rates of respiratory disease in alumi-
num workers. (128, 60} In one of these, coal tar pitch volatiles
were considered the cause. (60) Slight impairment in lung func-
ton has been observed (90), as has bronchitis, which was consid-
ered related to ozone exposure. (139) Wergeland and colleagues
found increased rates of asthma (158) but some authors attribute
the cause of asthma and bronchitis in such workers to high con-
centrations of mixed dusts. (112)

Another research team found no such increase in lung illnesses. (14)

There are reports of reduced lung function proportionate to
workers’ exposure to mixed dusts including aluminum. (150) Nine
workers in an abrasives plant with “prolonged heavy” exposure to
aluminum oxide dust were found to have pulmonary fibrosis. The
cause was determined to most likely be exposure to aluminum ox-
ide, but possibly exposure to mixed dusts. (82}

Neurological effects

A 1989 scarch of the Swedish Occupational Cancer Registry data-
base for evidence of aluminum-related or neurological illness or
symptoms in the Swedish aircraft industry found only one report
which involved solvent exposures. (70)

A study of the neurologic health of its workers was conducted for
Intalco Aluminum Corporation in the state of Washington be-
cause nine workers filed claims for neurological symptoms which
they related to aluminum dust exposure. A small increase in self-
reported neurological symptoms was found among the most
highly exposed but no objective medical or neuropsychologic evi-
dence of a condition which was comumon to all of them was found.
Six workers displayed no objective medical findings on tests nor
upon examinatons and the remaining three had other unrelated
health conditions which were thought to explain their symptoms.
(165)

The Panel received documentation from the University of Pitts-
burgh which indicated more than the number of expected deaths
from neurological disorders. Of 21,800 workers studied, seven
deaths from neurological illnesses were found. (129) The number
of cases is so small that any analysis of these figures is unreliable.

Alzheimer’s Disease

Gibbs found no Alzheimer’s Disease nor lung fibrosis deaths in a
mortality study of 5,406 Canadian aluminum smelter workers. (60)
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Dialysis Encephopathy
Syndrome (DES) in kidney
patients is believed to be
caused by extremely high
aluminum exposure.
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French found no difference in the occupations of Alzheimer’s Dis-
ease patients compared to controls but did find more head injuries
in Alzheimer’s victims. (57)

There is one report of Alzheimer’s Disease occurring in one man
who had worked for thirty years as an aluminum refiner in Japan.
“The authors compared his brain aluminum content to that of an-
other Alzheimer’s Disease victim and a victim of subacute sclero-
sing panencephalids (“SSP”), neither of whom had occupational
exposure to aluminum. They found aluminum accumulation in
the alumninum refiner but not in either of the non-occupationally
exposed victims. The authors concluded that aluminum does not
necessarily contribute to the formation of Alzheimer’s lesions, but
it accamulates as a secondary effect in Alzheimer’s victims who
have had occupational exposure. (85)

Other

Between 1980 and 1987, the U.S. National Institute for Occupa-
tional Safety and Health INIOSH) conducted health hazard
evaluation surveys of eleven American aerospace, aircraft and alu-
minum-using operations. In one aerospace plant, aluminum weld-
ing fumes were found to be the cause of upper respiratory and eye
irritations. In an office building, aluminum filings were likely re-
sponsible for neck, hand and facial rashes but no other health ef-
fects related to aluminum were found. Neurological symptoms
were not a complaint so they were not investigated. (69)

Complaints of eye and respiratory tract irritation, skin rash and
neurobehavioural responses prompted an investigation of health
problems in a Washington state aircraft plant. The most probable
cause of these symptoins, including neurobehavioural and auto-
immune responses, was exposure to phenol formaldehyde resin
and resin by-products. (10)

Aluminum and Encephalopathy

Itis known that aluminum in very large amounts can be neuro-
toxic. “Dialysis Encephalopathy Syndrome” (which is also called
“DES” or “dla}ysxs dementia”} is a usually fatal condition which
has occurred in some of the kidney dialysis patients whose blood
Jevels rose to 7400 nmol/litre or above when their dialysis fluid
contained large amounts of aluminum. (2, 24, 135, 65, 163) DES
has now been largely eliminated because current treatment proto-
col requires removal of aluminum from dialysis fluid. (58)

The clinical features of DES are: stuttering; unclear speech; in-
ability to speak; loss of ability to express, name things or recall
names; persistent repetition of the same verbal or motor response;
loss of ability to carry out familiar movements; intermittent lapse
of an assumed posture; lack of muscular co-ordination; irregularity
of muscular action; difficulty with attention and concentration;




Despite large numbers of
aluminum-exposed workers,
there is little evidence that
an encephalopathy similar to
DES occurs after occupational
exposure to aluminum.
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visual disturbances; poor calculaton; difficulty with abstraction;
seizures; delusions; hallucinations; depression; psychosis; and
sometimes suicide. (151)

These symptoms usually, but do not always, improve after alumi-
num is removed from the body by treatment with chelating drugs.
(101, 163, 152)

Not all of the dialysis padents who receive the same high doses of
aluminum develop DES, nor does it usually occur in adults who
take large oral doses of aluminum-containing antacids but are not
undergoing dialysis. (163, 152)

There is no evidence that padents with DES will go on to develop
Alzheimer’s Disease, possibly because they do not live long enough to
do so. (152) Although brain aluminum content is greatly elevated
in DES patients, they do not develop the neurofibrillary degen-
eration which is a marker of Alzheimer’s Disease. (163)

In animal studies, there is evidence of encephalopathy being in-
duced in cats whose brains were directly injected with aluminurmn
chloride or lactate (21) and in rabbits after central nervous system
exposure to aluminum. (161)

However, the changes in the brains of humans and animals with
aluminum-induced encephalopathy are not identical to the changes
which occur in Alzheimer’s Disease (35, 122, 124, 29, 164) (ex-
plained further below).

In 1921, Spofforth reported a single case of occupational “alumi-
num poisoning” which caused loss of memory, tremor, jerking
movements and impaired co-ordination. The patient also suffered
from vomiting, constipation and incontinence of urine. (143)

An unusual case of encephalopathy in an aluminum powder fac-
tory worker was reported in 1962. (105) At autopsy, the worker’s
liver contained 122 times the normal amount of aluminum and his
lung and brain aluminum levels were 18 and 17 times normal re-
spectively, but there were no characteristics of Alzheimer’s Disease
in his bran. No other cases of neurological signs or symptoms were
found at the time in that workforce. In the absence of any other
explanation, the authors concluded that “it seems possible that the
encephalopathy was due to aluminum intoxication.”

A 1977 NIOSH occupational hazard survey esdmated that there
were about 3 million workers with occupational exposure to alu-
minum compounds in the United States alone (112) (comparable
Canadian statistics are not available (11)), vet there is little evi-
dence of encephalopathy occurring after occupational exposure to
aluminum.
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believed to be the cause of
DES, it is important toc know
that Alzheirmner’s Disease and
DES are very different diseases
with different symptoms and
courses.

May, 1992

Interim Report to the Worker's Compensation Board on Aluminum

Since a disease must have a probable connection to occupation, on
the basis of the present evidence the Panel can only conclude that,
in the industrial setting, aluminum does not cause a toxic enceph-

alopathy sirnilar to DES.

Aluminum and Alzheimer’s Disease

Alois Alzheimer first described this progressive brain disorder in
1907. It occurs in middle or late life and involves a progressive de-
terioraton of memory, disortentation and eventually dementia.

(104, 25, 152) Somne regard it as a process of accelerated aging. (97)

Since aluminum is widely believed to be the cause of DES, it s
important to know that Alzheimer’s Disease and DES are very
different diseases with different symptoms and courses. (24, 26,
79,80, 29,152, 164)

The features of Alzheimer’s Disease are progressive memory loss,
disorientation and mood disturbances. (152) The main the fea-
tures of DES are speech difficultes, loss of coordination, a charac-
teristic tremor, involuntary shaking, contractions of groups of
muscles, loss of memory and personality changes (1, 151) among
others, which are described in detail above.

The diagnosis of Alzheimer’s Disease is made when neurons with
neurofibrillary tangles and numerous characteristic senile (or neu-
ritic) plaques are found in the brains of these patients at autopsy.
(35, 163) Much smaller numbers of plaques occur in normal,
healthy people as they age. (13, 48, 152)

Alzheimer’s plaques contain deposits of amyloid protein and paired-
helical filaments (pairs of filaments wound around one another),
both of which have been found to contain aluminum. (163)

In contrast to the paired helical filaments which occur in Alzhei-
mer’s Disease, the neurofibrillary tangles which have been in-
duced by aluminum in animals have smucturally normal “straight”
filaments. (163, 29, 48) In addition, aluminum-exposed animals do
not develop the senile plaques which are a feature of Alzheimer’s
Disease. (163)

There were no Alzheimer-type neurofibrillary tangles in the
brains of patients who died of DES despite the elevated concen-
tradons of aluminum in some parts of their brains. (163)

Dr. D. R. Crapper McLachlan states that “Aluminum induces nei-
ther the paired helical filament configuration found in Alzheimer-
type neurofibrillary tangles nor the formation of senile plaques
with amvioid cores.” (31, 29) However, he and other researchers







