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Contrast sensitivity in evaluations of visual symptoms caused by exposure to triethylamine 485

concentration in urine were tested by analysis
of variance (ANOVA).

Results

Each group consisted of 41 people, 37 of whom
took part in the entire study. Three people
changed jobs soon after the symptom question-
naire was filled out. The total number of people
who took part in the study was 123. Of the 41
core makers 32 were men and nine were
women, whereas 64 of the controls were men
and 18 were women. The mean (range) age of
the core makers was 34.1 (18-60) years, and
that of the controls was 34.7 (19-59) years.
The mean (range) working time of the core
makers was three years and seven months (1
month-19 years).

Both control groups were similar in general
health status, ocular history, eye symptoms,
changes in visual acuity, and contrast sensitiv-
ity. Consequently, the results of the two groups
were combined.

The core makers and the controls did not
differ for general health, ocular diseases, and
ocular accident history although the controls
had slightly more allergic eye symptoms. They

Table 2 Median visual acuity values at different contrasts on Monday and Friday
afternoon

Binocular vision Dominant eye
Day and contrast used Median (0.25-0.75 quartiles) Median (0.25-0.75 quartiles)
Monday afternoon:§
High contrast:
Core makers 1.25 (1.25-1.6) 1.25 (1.0-1.425)
Controls 1.6 (1.25-1.6) 1.25 (1.25—1.6)*
2.5% contrast:
Core makers 0.625 (0.5-0.63) 0.5 (0.4-0.5)
Controls 0.63 (0.5-0.63) 0.5 (0.4-0.63)
0.6% contrast:
Core makers 0.32 (0.25-0.32) 0.25 (0.16-0.285)
Controls 0.32 (0.25-0.4) 0.25 (0.16-0.32)
Friday afternoon:§
High contrast:
Core makers 1.6 (1.25-1.6) 1.6 (1.25-1.6)
Controls 1.6 (1.25-1.6) 1.6 (1.25-1.6)
2.5% contrast:
Core makers 0.63 (0.5-0.63) 0.5 (0.4-0.5)
Controls 0.63 (0.5-0.8) 0.5 (0.5-0.63)t
0.6% contrast:
Core makers 0.32 (0.25-0.4) 0.25 (0.16-0.32)
Controls 0.32 (0.32-0.4) 0.32 (0.2-0.32)%

* P=0.03; 1P=0.04; $P=0.01.
§ Number of core makers 32, controls 67. § Number of core makers 29, controls 66.

Table 3  Differences in visual acuity between the morning and afternoon measurements

Binocular vision Dominant eye
Contrast Core makers Controls Core makers Controls
Degree of change n (%) n (%) n (%) n (%)
High contrast:
Improved 5 (15) 15 (22) 5 (15) 20 (29)
Unchanged 18 (55) 33 (49) 13 (39) 33 (49)
Deteriorated 10 (30) 20 (29) 15 (46) 15 (22)*
2.5% contrast: ’
Improved 4(12) 24 (35) 7 (21) 21 (31)
Unchanged 13 (39) 30 (44) 9 (27) 32 (47)
Deteriorated 16 (49) 14 21t 17 (52) 15 (22)t
0.6% contrast:
Improved 5 (15) 26 (38) 7 (21) 26 (38)
Unchanged 12 (36) 19 (28) 7 (21) 23 (34)
Deteriorated 16 (49) 23 (34)* 19 (58) 19 (28)1

*P=0.02; +P=0.002; $P=0.02; §P=0.03; 7P=0.01. Number of core makers 33, controls 68.

All measurements of a person are summarised: core makers Monday and Friday measurements,
and measurements on the day when TEA concentration in the air was measured; controls Mon-
day and Friday measurements.

Table 4 Changes in visual acuity between the morning
and afternoon measurements in relation to symptoms of
blurred vision

Core makers

Core makers without

with symptoms  symptoms Controls
Degree of change n (%) n (%) n (%)
Improved 1(17) 6 (22) 21 (31)
Unchanged 1(17) 8 (30) 32 (47)
Deteriorated 4 (66) 13 (48) 15 (22)*
Total 6 27 68

*P=0.046 between core makers without symptoms and
controls. Dominant eye at 2.5% contrast; all the measurements
of a person are summarised.

had similar use of spectacles and eye
medication.

EXPOSURE

The breathing zone eight hour time weighted
average (8 h TWA) concentration of TEA was
0.3-60 mg/m’. The median 8 h TWA concen-
trations in the three foundries were 0.9, 4.7,
and 14 mg/m’. Continuous measurements
showed high peaks of TEA leaking from the
system, especially when the core box was rinsed
(fig 1). The urinary TEA concentrations of the
core makers varied between 0.4 and 171
mmol/mol creatinine. The mean urinary TEA
concentration was 35 mmol/mol creatinine
(table 1). There was no TEA in the urine sam-
ples of the controls.

SYMPTOMS

Seventy eight per cent (32/41) of the core mak-
ers and 6% (5/80) of the controls had
sometimes had visual symptoms (P=0.001). Of
the core makers, 78% (25/32) reported symp-
toms during normal production and 22%
(7/32) listed symptoms only during mainte-
nance or breaks in their jobs. Thirty one core
makers (97%) had foggy, blurred vision, 16
(50%) saw halos around light sources, 14
(44%) saw hazy contours, 12 (37%) felt
tearing, 11 (34%) had difficulty reading, 10
(31%) had difficulties in driving and working,
10 (31%) felt glare, seven (22%) experienced
photophobia and, five (16%) had blue vision.
One control reported blurry vision (P=0.001).
None of the controls reported any of the other
symptoms.

VISUAL ACUITY AND CONTRAST SENSITIVITY
TESTING

Table 2 shows the median visual acuities for
each contrast level. The results did not differ
between the core makers and the controls in
the morning measurements. In the afternoon
measurements there were significant decreases
in three of the six measurements of the
dominant eye. Table 3 shows the differences in
visual acuity between the morning and after-
noon measurements. The contrast sensitivity of
the core makers decreased significantly at both
2.5% and 0.6% contrast during the working
day. In the binocular measurements at 2.5%
contrast, contrast sensitivity decreased among
49% of the core makers and 21% of the
controls (P=0.002). Six people reported
blurred vision during 10 measurements in the
course of the study (table 4).
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Figure 2 Differences between the morning and afternoon contrast sensitivity of the
dominant eye at 2.5% contrast in relation to the urinary triethylamine (TEA)

concentration (mmol/mol creatinine). N

h,

l)f meas s=74.

Figure 2 shows the changes in the visual
acuity of the dominant eye between the morn-
ing and afternoon measurements in relation to
the urinary TEA concentrations. There was no
significant relation between the differences in
contrast sensitivity and the urinary TEA
concentration.

Discussion

Contrast sensitivity measurement has not yet
been used to study toxic effects on the anterior
part of the eye. During the measurement of
contrast sensitivity the subject must not have
uncorrected refractive errors. Contact lenses
interfere with the measurements because they
affect the corneal epithelium, and influence
contrast sensitivity, depending on the cleanli-
ness and fit of the lenses."

Blurred vision was common among core
makers. Visual disturbances interfered with
working, driving, and reading of almost one
third of the subjects. Although there was no
evidence of permanent damage to the eyes or
visual pathway, the problem is notable from the
personal and community point of view.

The median visual acuity values of the
groups were equal in most measurements, but
the 0.25-0.75 quartiles differed in some meas-
urements. Apparently the effect of exposure to
TEA is not sufficient to become evident in
comparisons of the medians of visual acuity.
Therefore, the difference between the morning
and afternoon measurements was used for the
analysis. The differences in binocular visual
acuity at high contrast were equal among the
core makers and the controls, but at 2.5% and
0.6% contrast the groups differed significantly
both in the binocular measurements and in the
measurements of the dominant eye. The
subjects considered the contrast sensitivity
measurements at 0.6% contrast to be difficult,
and the differences were not as evident as at
2.5% contrast. The results of the dominant eye
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at high contrast were close to the results at
2.5% and 0.6% contrast.

The number of the core makers with symp-
toms of blurred vision during the measure-
ments was too small for statistical analyses, but
four people out of six had deteriorated vision at
2.5% contrast. The changes in visual acuity at
2.5% contrast differed significantly between
core makers without symptoms and the
controls. This suggests that core makers had a
decrease in contrast sensitivity more often than
they had symptoms.

It is not known if the pulsating nature of
exposure to TEA is important to the mech-
anism of blurred vision. Figure 1 shows that the
peaks of TEA leakage can be remarkably high,
although the method of -continuous
measurement does not provide an exact
measurement of the exposure.

The measurements did not show a dose-
response relation between exposure to TEA
and changes in contrast sensitivity. This is
probably because of individual variation in
perceiving the symptoms. Also the blurring of
vision may be caused by an on-off, rather than
a dose-response phenomena.

The results suggest that the symptoms of
blurred vision during exposure to TEA can be
documented by measurement of contrast
sensitivity. The measurement of visual acuity at
low contrast may show deterioration in vision
when high contrast tests fail to measure
subjective visual symptoms.

Conclusions

Blurred vision during exposure to TEA can be
documented by contrast sensitivity measure-
ments. Contrast sensitivity testing proved to be
of value in measuring toxic effects on the eye.
The results of contrast sensitivity measure-
ments in this study did not show the mech-
anism causing the symptoms. Therefore, the
mechanism should be studied with more com-
plex methods of testing contrast sensitivity or
new methods of ophthalmological examination
of the eye.
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