








Ocular effects of exposure to triethylamine in the sand core cold box of a foundry

0-001 mm to 0-011 mm; decreases ranged
from 0-001 mm to 0-020 mm.
No significant differences were found in the

mean central corneal thickness for each expo-
sure group by shift and day (table 3). The
mean central corneal thicknesses ranged from
0-511 mm to 0-525 mm. For the currently
exposed group, three of the four mean before
and after shift corneal thickness measure-
ments in the right and left eyes showed
decreases in corneal thickness by the end of
the shift on both days. When changes in
corneal thickness for both right and left eye
were combined, both days showed a decrease
in corneal thickness of 0-003 mm; the
decrease on the first day but not the second
day was significant (P = 0-0470 and P =
0-2271 respectively).

Table 4 shows that all but two of the mean
central corneal thickness measurements of the
currently exposed group were decreased on
the second day at the end of the working week
compared with the first day at the beginning
of the work week; two of the decreases were
significant.
To determine if increases in corneal thick-

ness were associated only with symptomatic
workers, the exposure groups were stratified
according to reports of vision symptoms.
None of these differences were significant
(table 5).

Table 6 shows that people exposed to > 10
mg/M3 of triethylamine were three times more
likely to have one or more symptoms associ-
ated with triethylamine exposure than those
with <10 mg/M3 exposure; this finding was
not significant.

Comparisons of corneal thickness between
workers with exposure to <10 mg/M3 and
) 10 mg/M3 were made (table 7). Corneal
thickness measurements decreased during a
shift in both exposure categories. Between
exposure categories, corneal thickness mea-
surements were larger in people exposed to
> 10 mg/M3 triethylamine. This difference
was significant in the left eye for the measure-
ments before the shift.

Discussion
Central corneal thickness under normal con-
ditions has been reported by several
researchers. Ranges reported are from 0 507
(0-028) to 0-565 (0 035) mm.910 We found
corneal thicknesses from 0-470 to 0-567 mm
among workers currently exposed to triethyl-
amine, 0-460 to 0-583 mm among those pre-
viously exposed, and 0-456 to 0-620 mm
among those never exposed (table 3). These
results are close to the reported normal range
of central corneal thickness.
At the first eye examination, the two oph-

thalmologists, one a corneal specialist, found
no corneal oedema with a slit lamp. The sig-
nificant differences in reports of vision symp-
toms between the three groups were for the
symptoms of blurry vision, halos around
lights, blue vision, and trouble with driving
(table 1), all of which have been associated
with exposure to triethylamine. 1-7 Other

symptoms such as eye irritation, eye redness,
sensitivity to light, and eye pain were similar
among the three groups.

At the follow up eye examinations the
exposed group again reported the symptoms
of blurry vision, halos, and blue vision more
often than the previously and never exposed
groups (table 1). In the examinations after a
shift the subjects were asked to report symp-
toms that had occurred during that shift. No
differences in corneal thickness between the
currently and previously or never exposed
groups or differences between before and after
the shift measurements suggested corneal
oedema as the mechanism for these symptoms
(tables 2, 3, and 4).

Vision symptoms after exposure to tertiary
amines have been associated with increases in
corneal thickness that ranged from 0 03 to
0 10 mm. Stahlbom and colleagues reported
slight oedema (approximately 0 03 mm
increase) in two of four subjects exposed to as
little as 10 mg/M3 of dimethylethylamine.6
Akesson and colleagues exposed two subjects
to different concentrations and durations of
triethylamine in an exposure chamber.' They
found symptoms of hazy and halo vision after
eight hours of exposure at concentrations as
low as 18 mg/m3 of triethylamine, along with
an increase in corneal thickness of 0-03 mm.
At an exposure of 10 mg/m3 of triethylamine
for eight hours, the two subjects experienced
no effects. Akesson and colleagues concluded
that an exposure of 18 mg/m3 for eight hours
can cause corneal oedema. The triethylamine
exposures we measured ranged from <0 33
mg/m3 to 20-3 mg/m3. The changes in corneal
thickness we measured ranged from a
decrease of 0-020 mm to an increase of 0 011
mm within a shift. The maximum change in
corneal thickness that we noted was less than
the minimum change of corneal thickness
associated with symptoms in the experimental
settings reported by Akesson and Stahlbom.36
We compared mean corneal thickness of

currently exposed workers with one or more
eye symptoms to those with no symptoms.
There were no significant changes over the
shift that showed an increase in corneal thick-
ness in either symptom level group. Workers
with one or more symptoms had thicker
corneas than the previously and never
exposed groups. Differences in corneal thick-
ness were as great as 0-032 mm, which is the
minimum difference associated with symp-
toms in experimental settings. None of these
differences were significant (table 5).
We also examined whether the workers

who had exposures to triethylamine ) 10
mg/m3, were more symptomatic and had
increased corneal thickness. Although not sig-
nificant, there was a threefold increase in eye
symptoms among the workers exposed to

1O mg/iM3 of triethylamine (table 6). We
found, however, no increase in corneal thick-
ness before and after the shift in either eye in
the workers exposed to ) 10 mg/mi (table 7).
There was a significant difference of 0-03 mm
in the mean corneal thickness of the left eye
on the measurements before the shift between
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people exposed to . 10 mg/M3 v those
exposed to <10 mg/M3 (table 7). After the
shift the difference was similar (0-026 mm)
but not significant. Although the differences
in corneal thickness and symptoms between
workers exposed to > 10 mg/M3 and <10
mg/M3 are consistent, one would also have
expected to see a change from before to after
the shift in the >10 mg/M3 group if an
increase in corneal thickness is an explanation
of the workers' symptoms.
One other researcher has reported symp-

toms at similar levels of exposure as our study
group. Akesson et al examined 19 workers
exposed to triethylamine in a polyurethane
foam production plant.4 Central corneal
thickness measured from 0 53 mm to 0-61
mm, and workers reported symptoms of
foggy, blue, and halo vision, which were usu-
ally preceded by eye irritation. Exposures
ranged from 4 to 28 mg/M3 in the areas where
workers reported visual disturbances.
Exposures for two hours were not associated
with any vision disturbances. The researchers
did not find any corneal oedema but measure-
ments were not taken immediately after expo-
sure. The authors hypothesised that the
reason symptoms occurred at such low expo-
sures was that there may have been peak
exposures of high concentrations of triethy-
lamine during the course of the shift.4

In contrast, we performed our corneal
thickness measurements immediately after the
shift and found no changes in corneal thick-
ness over the shift. Alternative explanations
for our findings are that symptoms are related
to another exposure, that the mechanism for
triethylamine or another exposure causing
symptoms is not through corneal oedema,
that there is a small increase in corneal thick-
ness over time that is not reflected in changes
in an eight hour shift, or that corneal oedema is
transient.
None of the other exposures in the cold box

area have been previously associated with the
vision symptoms of haziness, blue colour, and
halos. Further, isolated exposure to triethy-
lamine in experimental settings has caused
these vision symptoms. Amines have been
noted to have other effects on the eye, includ-
ing mydriasis and cycloplegia.' Neither of
these abnormalities were noted on physical
examination although no measurements were
performed to measure changes in pupil size or
reaction. Finally, although there were differ-
ences in corneal thickness between currently
exposed and previously or never exposed peo-
ple, there was no difference between corneal
measurements before the shift at the begin-
ning of the week and measurements after the
shift at the end of the week. No chronic
corneal changes were noted after exposure to
triethylamine. All the small differences in
corneal thickness found are within the clini-
cally normal range.
None of the alternative hypotheses ade-

quately explain the presence of symptoms in
the exposed workers or the increased symp-
toms in the group exposed to >10 mg/M3 tri-
ethylamine. Limitations in the study that

might account for our inability to find an
association between vision symptoms and
measurements of corneal thickness include
inaccurate measurement of corneal thickness,
inaccurate collection of information on eye
symptoms, or inaccurate measurement of tri-
ethylamine exposures. We do not think that
these potential limitations explain our results.
All measurements of corneal thickness were
performed with the same instrument by the
same technician who was unaware of the
exposures of the workers tested. It is unlikely
that workers misunderstood the questionnaire
as not all eye symptoms but only symptoms
associated with triethylamine were increased
among the currently exposed group. Similar
sampling results were obtained with exposures
to charcoal and silica gel that were taken dur-
ing overlapping times; we therefore think that
the exposure measurements were accurate.

Small numbers limited our ability to find
significant differences, but even in the absence
of a significant difference the direction of the
findings, although supporting an association
between symptoms and exposure, did not
support an association between corneal thick-
ness and exposure.

Conclusion
In summary, the air monitoring results
showed exposures to triethylamine that
ranged from <0 33 mg/M3 to 20-3 mg/M3.
Despite these relatively low air concentrations
and the absence of corneal oedema, workers
reported vision symptoms associated with
exposure to triethylamine. It is possible that
the exposures were low enough that oedema
did not occur, although corneal oedema has
been reported with an exposure as low as 18
mg/M3 for eight hours in one study.3 Another
possibility is that variability between people or
unmeasured peak excursions caused transient
changes in corneal thickness that were not
present on measurements after the shift.
Amines have been noted to cause mydriasis
and cycloplegia and this effect on the ciliary
muscle instead of corneal oedema warrants
further study as this may be the mechanism
for the symptoms found at these relatively low
concentrations.' Further studies need to be
performed to attempt to correlate objective
signs of decrements in visual acuity with the
reported vision symptoms. One relatively new
test that may prove to be useful to this end is
contrast sensitivity, which tests a person's
ability to discriminate between levels of con-
trast. The current Occupational Safety and
Health Administration standard for an eight
hour exposure to triethylamine is 100 mg/M3.
At the time of our study the ACGIH recom-
mend a concentration of 40 mg/M3. Although
we are unable to explain the mechanism, we
found that vision symptoms occurred at con-
centrations lower than both the current
Occupational Safety and Health Adminis-
tration standard and the recommended
ACGIH concentration at the time of our
study. Although no chronic eye problems
were found, the potential for an acute injury
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at work or while driving home because of
difficulty in seeing indicates a need to min-
imise exposure to triethylamine below those
standards currently considered acceptable.
Given that 59% of the workers experienced
symptoms at or below the recommended
ACGIH concentration at the time of our

study, our data would support the new

lower recommended ACGIH concentration
of 4d1 mg/M3.

The project was funded by joint funds from the UAW and
Chrysler National Joint Committee on Health and Safety. The
results represent the conclusions and opinions of the authors. Its
publication does not necessarily imply endorsement by the
International Union UAW, or Chrysler Corporation.
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