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Abstract: Organic solvents are neurotoxic substances that can cause
damaging effects in the visual system.Occupational exposure to these substances is common
because they are used in a wide variety of activities. These effects can be quantified by specific
psychophysical tests.The most commonly used tests for color vision assessment are arrangement
tests, such as the Lanthony Panel D-15 desaturated test and the Farnsworth-Munsell 100-hue
test,and for contrast sensitivity assessment, printed panel tests such as the MCT 8000 VISTECH,
VCTS 6500VISTECH, and FACT 101 tests. Generally, these tests show color discrimination losses
in the blue-yellow and red-green axis, and a decrease in contrast sensitivity, mainly at low spatial
frequencies. There is a positive correlation between psychophysical results and biological

environmental markers, but this correlation depends on the marker and on the kind of solvent
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to which the individuals are exposed. Factors such as alcohol and tobacco can inter-

fere with the correlation of the results.

Keywords: Organic solvents.Occupacional exposure.Visual psichophisics. Color vision.

Contrast sensitivity.

Organic solvents are substances composed of hydrocarbons that
are liquid at temperatures from 0 to 250 oC (Occupational Safety and
Health Information Series [OSHS], 1998) to which millions of people
worldwide are exposed due to its widespread use in industry,agriculture,
university and houses.The wide applicability of these substances makes
this exposure may be due to several factors, foremost among them the
occupational factor because this is the most aggressive to human health.
The great demand of organic solvents chronically exposed workers has
made this an important point of discussion in occupational medicine
and thus led to increasingly detailed studies on the subject (Hanninen
etal, 1976, Mergler et al., 1990; Ahmadi et al.2002; Boeckelmann & Pfister,
2003, Semple et al., 2007). Most occupational exposure to organic
solvents occurs for mixtures of solvents,and inhalation route is the main
pathway of contact for the organism (Hanninen et al. 1976; Mikkelsen,
1980, Olsen et al., 1980, Pfister et al. 1999; NOHSC, 1990; Boeckelmann &
Pfister,2003).

Organic solvents are substances with neurotoxical properties that
can affect both the central nervous system and peripheral nervous system.
The assaults on the nervous system are caused probably due to the
lipophilic properties of organic solvents (Rosenberg, 1989). Generally the
attacks occurin the lipid structures of nerve tissue, specifically the myelin
sheath of axons and the cellular membrane (Boeckelmann & Pfister,2003).
Several symptoms resulting from occupational exposure have been
reported, including anxiety, irritability, fatigue, depression, loss of
concentration, memory loss, loss of motivation, cognitive loss,dementia,
postural change in regulation, myalgia, numbness of limbs and loss of
vision (Baelum et al. 1982; Lee & Lee, 1883; Gregersen et al., 1984, Linz et
al.1986; Gregersen et al., 1987, Morrow et al. 1989;Rosenberg, 1989; NOHSC,
1990; Baker, 1994, Dick et al.2002; Viaene et al. 2009; Herpin et al.,2009). It
has also been reported that organic solvents have genotoxic properties
(Lemanster et al., 1997) and epidemiological studies have shown that
exposure to organic solvents is a risk factor for neurological diseases such
as Parkinson’s disease (Smargiassi et al., 1990), multiple sclerosis (Amaducci
et al. 1982; Flodin et al., 1985) and myasthenia gravis (Rosenberg, 1989,
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Gunnarsson et al. 1992; Chancellor et al. 1993;Schulte et al. 1996; Graham
etal, 1997).

The visual function has been used as an important indicator
neurointoxication by organic solvents (Baelum et al., 1982, Horan et al.
1985). An abnormal vision may be related to the presence and may be
the earliest symptom of optic neuropathies (Rosen, 1965),
encephalopathy (Paalysaho et al., 2007), cognitive impairment (Dick et
al., 2004) and other neurotoxical effects (Mutray et al., 1995, lhrig et al.,
2003).

Organic solvents are responsible for changes in different parts of
the visual system.Among the tests used for visual assessment of subjects
exposed to occupational mixture of organic solvents, the psychophysical
tests stand out for their efficiency in detecting changes, revealing losses
before the onset of clinical phenomena evident, and the possibility of
analysis of different functions visual separately (Lacerda et al.,2009).

This paper presents a brief review of the psychophysical tests that
have been described in literature as the most suitable for assessing color
vision and contrast sensitivity of subjects due to occupational exposure
to organic solvents.

Psychophysical assessment of color vision of subjects due
to occupational exposure to organic solvents

D15 desaturated test of Lanthony (D15D)

The D15 desaturated test of Lanthony (D15D) is based on the ability
of the subject order 15 pieces of desaturated hues approximately
equidistant from each other along a boundary provisions of color space
whose center is an achromatic region (Figure 1), each eye is tested
separately and the results are quantitatively evaluated by color confusion
index (CCl) (Bowman, 1982). The ICC has a value when all the pieces are
properly positioned and increases as the number of errors the subject. It
can be calculated by the following formula:

valor de erro do examinando
ICC=

valor de erro de referéncia

With the use of desaturated test Lanthony D15d or loss of color
vision can be classified into losses to the axis red-green confusion, losses
to the axis of blue-yellow confusion and diffuse losses (Verriest, 1963,
Geller & Hudnell, 1997).This method is similar to Test Farnsworth D-15,a
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shorter version of only 15 pieces of test 100-Munsell Hues of Farnswoth
(Farnsworth, 1943). However, D15d the hues of the pieces are more
desaturated, which allows the detection and quantification of dichromatic
subjects more accurately than in the Farnsworth D-15 - a test used to
screen for congenital defects (Birch, 2001).

The D15d is the most sensitive test described in the literature for
assessment of color vision in subjects exposed to organic solvents and
this is due to the fact of enabling the detection of subclinical loss of color
vision, be especially sensitive to visual impairments of blue-yellow vision
and, moreover, have the great advantage for portability and quick
application of the methodology. It is a test for the detection of loss of
color vision acquired in workers exposed to organic solvents (Mergler &
Blain, 1987).

To D15d studies using the assessment of subjects due to
occupational exposure to organic solvents have revealed loss of color
vision. For example, the study by Mergler and Blain (1987) studied the
color vision of workers exposed to mixtures of organic solvents such as
acetone, methyl ethyl ketone, toluene, xylene, styrene, 2-etanoxi-ethanol,
ethanol-2-etanoxi acetate.These authors observed a prevalence of 52.2%
loss of color vision in subjects with moderate or high exposure. These
losses occurred for blue-yellow vision, and in some cases, also for red-
green vision.

Similar results were obtained in workers chronically exposed to
mixed solvents containing ketone, methyl ethyl ketone, 1, 2-
dichloroethane, butyl acrylate, methyl isobutyl ketone, toluene, n-butanal,
acetone, ethyl-benzene, xylene, styrene and cyclohexanone (Gong et al.,
2003), and residents of apartments with laundry and laundry employees
exposed to tetrachloroethylene (also known as tetrachloroethene or perc)
(Schreiber et al., 2002).

In the assessment of factory workers exposed to other
petrochemical distillation solvent mixture containing isopentane,
hexane, heptane, octane, cyclohexane, methyl cyclohexane, benzene,
toluene, xylene, ethyl benzene, 1,1,1-trichloroethane and methyl tertiary-
butyl ether, has been described loss of color vision age-dependent and
independent axis of confusion a specific color (Lee et al., 2007). Color
vision deficiency dependent on exposure time and age was also
commonly observed in painters exposed to a solvent mixture which
included xylene, methyl ethyl ketone, naphtha, 2-ethoxy ethanol,
acetone and dichloromethane (Semple et al., 2000), in painters exposed
to toluene and styrene-exposed workers, who had vision loss to both
blue-and green-red Marel (Eguchi et al., 1995, Campagna et al.,2001).In
the study by Mergler and colleagues (1988) workers chronically exposed
to mixtures of organic solvents had diffuse color vision loss, but no
correlation with age.
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The association of color vision deficiency with evidence of chronic
encephalopathy in subjects exposed to organic solvents suggests that
an altered color vision for these subjects is an important risk factor for
neuropsychological disorders (Semple et al.,2000),including the cognitive
loss (Dick et al., 2002).

However, not all color vision deficiency in occupational exposure
detected by D15d is directly related to cognitive impairment. This was
observed in the study of painters with color vision deficiency that when
underwent cognitive testing showed no correlation between the degree
of visual loss and the degree of cognitive impairment (lhrig et al., 2003,
Dick et al., 2004)However, not all color vision deficiency in occupational
exposure detected by D15d is directly related to cognitive impairment.
This was observed in the study of painters with color vision deficiency
that when underwent cognitive testing showed no correlation between
the degree of visual loss and the degree of cognitive impairment (lhrig et
al,, 2003, Dick et al., 2004).

The D15d has been recommended for assessment of color vision of
subjects exposed to organic solvents (Mergler & Blain, 1987) and shows
some association between loss of color vision and cognitive impairment
(Dick et al., 2002). However, it can not be used directly as a screening test
for cognitive impairment. In some studies, loss of color vision detected
by D15d restricted to a particular age group of subjects studied, as was
the case with painters in the study which revealed that subjects aged
between 25 and 55 years showed a significant decrease of vision color as
subjects above 55 years had no visual change (lhrig et al., 2003).
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Figure 1. Localization of D15d caps in the CIE1931 color space. Circles indicated
each cap starting from the reference cap (larger circle).

Farnsworth-Munsell 100 Hue Color Vision Test (FM-100)

FM-100 is based on the ability of the subject to order 85 pieces
painted with shades of the same saturation and brightness and photopic
lighting in a sequence of chromatic color space.

Each eye is tested separately and the results are quantitatively
evaluated according to the error value of the subject (Farnsworth, 1957).
Each hue has a number of planning, unknown by the subject tested.The
magnitude of the error is calculated for each piece. It is proportional to
the distance between the position made by the subject and the correct
position of the piece.

The FM-100 is less sensitive than the D15d and can serve to detect
false positives obtained by D15d (Hudnell & Geller, 1997; Iregren, 2002).
Workers exposed to mixtures of organic solvents, including acetone,
methyl ethyl ketone, toluene, xylene, styrene, etanoxi-2-2-ethanol and
ethanol-acetate-etanoxi assessed by the FM-100, had a prevalence of
47.2% loss of color vision in subjects with moderate and high exposure.
These losses occurred for the blue-yellow vision, and in some cases, also
for red-green vision. These results were compared in the same job with
the results of D15d for which the prevalence was higher (52.25%) and, as
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mentioned above, the FM-100 was important for the detection of false
positives obtained by D15d (Mergler & Blain, 1987).

Color vision defects associated polyneuropathy has also been
described for occupational exposure to n-hexane,in which the error values
in part (blue-yellow or red-green) and total (blue-yellow over red-green)
were significantly higher in exposed subjects compared with control
subjects (Issever et al., 2002).

Subjects exposed to organic solvents had higher mean values of
error in the FM-100 than subject of the control group and the damage of
color vision is associated with the presence of chronic encephalopathy
or may be caused by chronic encephalopathy induced by exposure to
solvents, so the use of FM-100 can generate indicators for the stage of
encephalopathy (Paallysaho et al., 2007). Occupational exposure to
styrene does not result in error values in the FM-100 subjects exhibited
significantly higher compared with control subjects, although subjects
tended to be more exposed to the axis error of confusing colors
suggesting that exposure to moderate concentrations of styrene can
cause loss of color vision (Fallas et al., 1992).

In the Laboratory of Neurophysiology“Eduardo Oswaldo-Cruz”and
the Laboratory of Tropical Neurology, both at UFPA, a computerized
version of the 100 Test Farnsworth-Munsell Hues (Figure 2) (Braga, 1996;
Rodrigues, 2003, Silveira et al.2003,Rodrigues et al., 2007) was used in the
evaluation of the attendants of fuel distributor and found results similar
to those described in the literature to the printed version of this test,
showing color vision loss in the diffuse type (Lacerda et al. 2008, 2010,
Lacerda, 2010) (Figure 3).

Psicoroaia USP, Sao Paulo, 2011, 22(1), 117-145

123



Figure 2.Scheme of FM-100 hue test. (A) Original ordering of the caps showing a
gradual change in the hue information. (B) The test starts when the caps are mixed.
(C) The subject’s task is to reorder the caps in the same sequence of hue viewed in
(A).

1 24 . VISUAL ASSESSMENT BY PSYCHOPHYSICAL ... 4 Euiza M. C.Brito LAcERDA, Dora F. VENTURA E Luiz C. LiMA SILVEIRA



300 7

250 - ¢

200 - ¢

150 -

Erro

<G @
’moo

100 --

'+

50 | . e

0

16 a30anos 31 a45 anos 46 a 60 anos

Figure 3.Results from color vision evaluation using FM-100 test of solvent exposed
workers in three different age-ranges. Continuous lines represent the upper
tolerance limit of control group. Dashed lines represent the standard deviation of
control group.Pointed lines represent mean error values of the control group.Black
symbols represent the error values of the solvent exposed group.
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Table 1 summarized the studies discussed above.

Table 1. Psychophysical studies of color vision of organic solvent
chronically exposed workers.

Estudo

Teste

Conclusdo

Mergler & Blain, 1987

Gong et al, 2003

Schreiber et al, 2002

Lee etal, 2007

Semple et al, 2000

Eguchi et al, 1995

Campagna et al, 2001

VISUAL ASSESSMENT BY PSYCHOPHYSICAL ...

Tipo de Solvente
Acetona, metil-etil-
cetona, tolueno,
xileno, estireno, 2-
etanoxi- etanol, 2-
etanoxi-etanol-
acetato
Cetona, metil-etil-
cetona, 1,2-

dicloroetano, butil-
acrilato, metil-isobutil-
cetona, tolueno, n-
butanal-acetona, etil-
benzeno, xileno,
estireno e
cicloexanona

Tetracloroetileno

Isopentano, hexano,
heptano, octano,
cicloexano, metil-

ciclohexano, benzeno,
tolueno, xileno, etil-
benzeno, 1,1,1-
tricloroetano e metil-
terciario-butil-éter

Xileno, metil-etil-
cetona, nafta, 2,etoxi-

etanol, diclorometano
e acetona

Estireno

Tolueno

D15D, FM-100

D15D

D15D

D15D

D15D

D15D

D15D

Perda de visdo de
cores azul-amarelo e,
em alguns casos,
verde-vermelho em
sujeitos com
exposicdo moderada
e alta. Teste D15D tem
maior prevaléncia de
alteragédo que o FM-
100

Perda de visdo de
cores

Perda de visdo de
cores

Perda de visdo de
cores dependente da
idade e independente
de um eixo de
confusao de cores
especifico

Deficiéncia na visdo
de cores dependente
daidade

Perda de visdo de
cores azul-amarela e
verde-vermelha

Perda de visdo de
cores azul-amarela e
verde-vermelha
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Mergler et al,1988

Semple et al,, 2000

Dick et al, 2002

lhrig et al, 2003

Dick et al, 2004

lhrig et al, 2003

Issever et al,, 2002

Paallysaho et al, 2007

Fallas et al, 1992

Lacerda et al/, 2008,
2010; Lacerda, 2010

Misturas de solventes

Misturas de solventes

Misturas de solventes

Misturas de solventes

Misturas de solventes

Misturas de solventes

N-hexano

Mistura de solventes

Estireno

Mistura de solventes

D15D

D15D

D15D

D15D

D15D

D15D

FM-100

FM-100

FM-100

FM-100
computadorizado

Perda de visdo de
cores azul-amarela e
verde-vermelha, sem
correlagdo com idade

Alteracdo de visdo de
cores é um
importante fator de
risco para alteragdes
neuropsicolégicas

Alteracdo de visdo de
cores é um
importante fator de
risco para perda
cognitiva

Grau de perda de
visdo de cores sem
correlagdo com grau
de perda cognitiva

Grau de perda de
visdo de cores sem
correlagdo com grau
de perda cognitiva

Perda de visdo de
cores restrita a faixa
etaria de 25 a 55 anos

Deficiéncia na visdo
de cores associada a
polineuropatia

Dano na visdao de
cores associada a
presenca de
encefalopatia croénica

Sem numero de erros
significativamente
maior que controles,
mas com tendéncia
de erros maiores nos
eixos de confusao de
cores

Perda na visdo de
cores do tipo difusa

Psicoroaia USP, Sao Paulo, 2011, 22(1), 117-145

127



128

Psychophysical assessment of spatial luminance contrast
vision of subjects due to occupational exposure to organic
solvents

Multivision Contrast Test Vistech MCT 8000

Test Multivision Contrast Vistech MCT 8000 (Vistech Consultants,
Dayton, Ohio) is a test chart printed using controlled techniques and
advanced photographic and printing devices in order to minimize loss
of the quality of the printed image and maximize the accuracy of
measurements of spatial frequency, orientation and contrast of visual
stimuli used in testing. The MCT 8000 Vistech is used to evaluate the
vision of luminance contrast in five spatial frequencies, 1.5, 3,6, 12 and
18 cycles per degree of visual angle or cpd. The pack contains visual
stimuli distributed in five rows and seven columns. Each of the five lines
is filled by seven circles showing sinusoidal gratings, in which the
luminance varies along one dimension,and is constantin the dimension
perpendicular to this.The luminance contrast decreases on each line of
thefirstinto the seventh element, while the spatial frequency increases
from one line to the next, from top to bottom. Along each line stimuli
also vary randomly oriented and can be oriented vertically, tilted to the
right or left-leaning.

In this test, the subject whose vision is being evaluated is instructed
to respond in what direction the network is being presented - tilted to
the right, leaning left or vertically. Proceeding from left to right on each
row of stimuli, the subject is asked to identify the orientation of the
sinusoidal grating presented in each stimulus, the contrast of the last
correctly identified stimulus is thus considered as the contrast threshold
for spatial frequency line corresponds to the stimuli presented. It is
necessary, then from row to row, checking the contrast threshold for
the set of spatial frequencies that comprise the test.The result is a set of
five points on the chart contrast sensitivity (inverse of contrast threshold)
as a function of spatial frequency which is about the role of spatial
contrast sensitivity to luminance of the subject tested.

This assessment test of spatial luminance contrast vision was used
by Gong et al. (2003) in subjects chronically exposed to a mixture of
solvents containing ketone, methyl ethyl ketone, 1,2 dichloroethane,
butyl acrylate, methyl isobutyl ketone, toluene, n-butanal,acetone, ethyl
benzene, xylene, styrene and cyclohexanone. In this work they found
that in all spatial frequencies contrast sensitivity assessed spatial
luminance was lower in exposed subjects compared with the control
group subjects, there was statistical difference in spatial frequencies of
6 and 12 cpd.
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Vision Test System Contrast VCTS Vistech 6500

The Vision Test System Contrast VCTS 6500 (Vistech Consultants)
consists of a panel of stimuli similar to the MCT 8000, measuring 68.6 x
94.0 cm and consisted of five rows and nine columns with 45 rounds of
74 stimuli occupying mm in diameter, separated by 3 mm distance,
networks containing sinusoidal vertical, inclined to the left of the 15th or
15th to the right, presented the subject to be tested with average
luminance of 100 cd/m2. The contrast of the stimulus decreases
horizontally from left to right, columns corresponding to columns
numbered from 1 to 9, and the spatial frequency increases from top to
bottom, lines corresponding to the letters A to E,corresponding to spatial
frequencies of 1.5,3,6,12 and 18 cpd in viewing distance recommended
by the manufacturer of 3 m.

The subject is instructed to view the stimuli sequentially, row by
row (from top to bottom) from left to right, identifying the orientation of
the grating and responding vertical, tilted left, tilted to the right or not
see the grating.The contrast of the last stimulus of each line orientation
whose grating had correctly identified by the subject corresponds to the
contrast threshold in the spatial frequency corresponding to the line and
contrast sensitivity, as already mentioned, is the inverse of contrast
threshold. Lighting conditions recommended by the manufacturer, 30-
60 ftL if the subject is able to see the grating presented lower contrast,
their contrast sensitivity is between 100-300 at the four lowest spatial
frequencies presented and slightly below 100 for the highest spatial
frequency tested.

Boeckelmann and Pfister (2003) used this test in the study of contrast
sensitivity of painters exposed to organic solvent mixtures containing
acetone, 2-butoxietil-acetate, n-butyl acetate, 2-ethoxyethanol, ethyl
acetate, ethyl-benzene, isopropyl-benzene, 1-methoxy-2-propanol, ethyl
acetate, ethyl benzene,isopropyl benzene, 1-methoxy-2propanol,toluene
and xylene.The painters had significantly lower contrast sensitivity than
the control at all spatial frequencies. The loss in contrast sensitivity was
associated with visual acuity significantly affected.

Functional Acuity Contrast Test - FA.C.T 101

The Functional Acuity Contrast Test (F.A.C.T. 101) is a test of spatial
contrast sensitivity to luminance measured by the ability to distinguish
subtle differences in grayscale (sensitivity to luminance contrast is a
measure of the ability to distinguish differences in grayscale appear side
by side or sequentially — contrast sensitivity and temporal, respectively).
The stimuli used in this test and how the test is conducted, is similar to
that described previously for the VCTS Vistech 6500.
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This procedure for evaluating the sensitivity to luminance contrast
was used by Schreiber et al.(2002) who studied residents of apartments
with laundry and laundry employees exposed to tetrachloroethylene,
also known as tetrachloroethene, or perc. These individuals were
exposed, both residents and workers, had reduced contrast sensitivity
in the control group for all spatial frequencies. These losses, as in the
study by Boeckelmann and Pfister (2003), are accompanied by visual
impairment.

Determination of the spatial contrast sensitivity to luminance by
computerized test

In the Laboratory of Neurophysiology “Eduardo Oswaldo-Cruz”
(Institute of Biological Sciences) and Laboratory of Tropical Neurology
(Tropical Medicine Nucleus), UFPA, a computerized test designed to
assess the spatial contrast sensitivity to luminance to 11 spatial
frequencies (Botelho de Souza, 1995, Silveira et al., 2003, Rodrigues et
al., 2007).

The test consists of a program written in C + +, which generates a
screen cathode ray stimuli composed of stationary isochromatic gratings
(CIE 1976, white:u=0.182,v'=0474) whose luminance varies sinusoidally
in the horizontal direction. Mean luminance of the stimulus is 43.5 cd/
m2, regardless of changes in spatial frequency and contrast. Eleven
spatial frequencies are used:0.2,0.5,0.8,1,2,4,6,10, 15,20 and 30 cpd.
The pattern is displayed in a rectangular window measuring 6.5° by 5°
of visual angle at a distance of 3 m when it is presented (Figure 4)
(Rodrigues, 2003).

With this test, were evaluated attendants of fuel distributors
chronically exposed to organic solvent mixture and they found a
decrement in contrast sensitivity at least one spatial frequency at 52%
of the sample.There was no concomitant alteration in a consistent visual
acuity (Lacerda et al., 2008, 2010, Lacerda, 2010) (Figure 5).
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Figure 4. Stimuli used to estimate the spatial contrast sensitivity function.In A, B,
and C have stimuli with spatial frequencies from low (A) to high (C) values. Upper
stimuli have high contrast, whilst lower stimuli have low contrast.
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Figure 5. Result of the estimative of contrast sensitivity function from a solvent
exposed worker. Dotted lines limit the tolerance interval of a control group. Black
symbols are the contrast sensitivity values at different spatial frequencies of exposed
subject.
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Table 2 summarizes the studies discussed before.

Table 2.Psychophysical studies of luminance contrast of solvent exposed
workers.

Estudo Tipo de Solvente Teste Conclusdo
Cetona, metil-etil-
cetona, 1,2 Diminuicao da
dicloroetano, butil- .
sensibilidade em

acrilato, metil-isobutil- -
todas as frequéncias

Gong et al, 2003 cetona, tolueno, n- MCT 8000 Vistech - L
. espaciais;  diferenca
butanal-acetona, etil- o
. estatistica  somente
benzeno, xileno, para 6 e 12 cpg
estireno e

cicloexanona
Acetona, 2-butoxietil-

acetato, n-butil-
acetato, 2-etoxietanol, o
. - Perda de sensibilidade
etil-acetato, etil-
. . ao contraste em todas
Boeckelmann & benzeno, isopropil- as frequéncias
. benzeno, 1-metoxi-2- VCTS 6500 Vistech . qu N
Pfister, 2003 . espaciais associada a
propanol, etil-acetato, . X
. acuidade visual
etil-benzeno, R
diminuida

isopropil-benzeno, 1-

metoxi-2propanol,

tolueno e xileno
Perda de sensibilidade
ao contraste em todas

Schreiber et al,, 2002 Tetracloroetileno FACT 101 as - frequ.enua\s
espaciais associada a
acuidade visual
diminuida
Diminuicao da
sensibilidade ao

Teste contraste em pelo

Lacerda et al, 2008, Mistura de solventes computadorizado menos uma das

2010; Lacerda, 2010 desenvolvido na UFPA  frequéncias espaciais,

sem alteracdo da
acuidade visual

Correlation between results of visual psychophysical
assessment of subjects exposed to occupational solvents
and the levels of biomarkers and environmental

Monitoring the effects of exposure to organic solvents on the visual
system is very important because being able to use that knowledge to
prevent or minimize the damage caused by the interaction of these
substances to the body and also to subsidize the creation of
environmental standards have a wider application in the health of workers
and the general population (Amorim, 2003).

Thus, it is important to correlate levels of different markers and
quantitative results obtained by psychophysical methods of visual
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assessment, information about dose-exposure time-response for each
type of exposure and the degree of intoxication of individuals examined
in order that changes in visual perception have been identified as early
signs of neurotoxicity (Rosen, 1965;Baelum et al., 1982,Horan et al. 1985,
Mutray et al., 1995, lhrig et al., 2003, Dick et al. 2004; Paalysaho et al.,
2007).

One way to quantify exposure to organic solvents is to relate the
working time and daily activity of subjects exposed and half-life of
substances to which subjects are exposed. Color vision of painters
exposed to mixed solvents that were included xylene, methyl ethyl
ketone, naphtha, 2-ethoxy ethanol, acetone and dichloromethane, was
assessed with the D15d and correlated the results with two methods of
measurement of exposure widely used, the index of recent exposure
indicating exposure in the last 12 months for each subject tested and
chronic exposure index is a measure of cumulative exposure throughout
the working time of the individual, observing a positive correlation
between the extent of commitment and the degree of visual exposure
(Semple et al, 2000).

In a study of color vision of painters exposed only to toluene was
used as a marker of environmental organic solvent level in a sample of
air from the work environment obtained by chromatography and the
biological indexes as markers of cumulative exposure to toluene and
total hydrocarbons, which considers the dosage of these substances in
the air of work environment during working hours and according to
the chemistry employed during this period.These data were compared
with results obtained with the D15d and there was a significant
correlation between the impairment of color vision and the levels of
toluene in the air (environmental marker) and index of cumulative
exposure to toluene and total hydrocarbon (biomarkers) (Campagna et
al., 2001).

Workers in a petrochemical distillation factory exposed to solvent
mixtures containing isopentane, hexane, heptane, octane, cyclohexane,
methyl cyclohexane, benzene, toluene, xylene, ethyl benzene, 1,1,1-
trichloroethane and methyl tertiary- butyl ether and whose color vision
was tested with D15D, it was observed that visual impairment was
correlated with exposure levels and working time, and a visual
impairment compared versus highest exposure for the left eye (Lee et
al., 2007).

Already in painters exposed to organic solvent mixtures containing
acetone, 2-butoxietil-acetate, n-butyl acetate, 2-ethoxyethanol, ethyl
acetate, ethyl benzene, isopropyl benzene, 1-methoxy-2-propanol, ethyl
acetate, ethyl benzene,isopropyl benzene, 1,2-methoxy, propanol, toluene
and xylene was used as a marker of exposure time in years of exposure to
organic solvents and this time compared with the spatial contrast
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sensitivity to luminance obtained with VCTS Vistech 6500, observing a
weak correlation (Boeckelmann & Pfister, 2003). In addition, similar work
evaluating painters exposed to mixed organic solvents not specified was
not found significant association between these two parameters (lhrig et
al., 2003).

As is noted, however, the concentrations of organic solvents or
metabolites in the body exposed are not directly related to exposure
time. It is known, for example, the existence of genes that encode
enzymes responsible for metabolism of organic solvents and that the
polymorphism modifies the absorption and the risk of neurotoxical
effects between individuals (S6derkvist et al., 1996). Factors including
age and susceptibility differences between individuals in the pattern of
absorption of organic solvents are involved in the metabolism and
compensatory processes, also explaining the difference in results
between subjects exposed to mixtures of organic solvents (Schreiber
et al.,, 2002). Thus it is important from markers that make direct
measurements of concentrations of organic solvents or their metabolites
in the body.

We studied subjects chronically exposed to mixed solvents
containing ketone, methyl ethyl ketone, 1,2 dichloroethane, butyl
acrylate, methyl isobutyl ketone, toluene, n-butanal, acetone, ethyl
benzene, xylene, styrene and cyclohexanone, performing measurements
of mandelic acid, hippuric acid and methyl hippuric acid in urine
(metabolites of styrene, toluene and xylene) and gas chromatography
of urine samples (xylene). Results were correlated with the results of
quantitative assessment of color vision with the vision and D15d contrast
with the MCT 8000 Vistech. Methyluric acid concentration in urine was
positively correlated with contrast sensitivity for spatial frequencies in
which the subjects showed the greatest loss of contrast sensitivity (6
and 12 cpd) (Gong et al., 2003).These results are similar to those found
by Campagna et al. (1995).

Another study sought to correlate with visual loss with urinary
biomarker concentrations was carried out with residents of apartments
with laundry and laundry employees exposed to tetrachloroethylene
(tetrachloroethene, or perc). Color vision and contrast vision of these
subjects were evaluated with the F.A.C.T. and the D15d, respectively.
The marker was the measurement of environmental concentration of
tetrachloroethylene and carbon dioxide in the air by gas
chromatography with electron capture and biomarker concentrations
were tetrachloroethylene, trichloroacetic acid, tetrachloroethane in
urine samples by gas chromatography/mass spectrometry,
tetrachloroethylene in the blood and breast milk by gas chromatography
/ mass spectrometry and tetrachloroethylene and carbon dioxide in
exhaled air by gas chromatography with electron capture,and in the urine
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of four workers were also measured other metabolites of
tetrachlorethylene, creatinine, mercapturic acid and N-acetyl-S-(1,2,2-
triclorovinil)-L-cysteine by gas chromatography / mass spectrometry.
Positive correlations were observed, dose-dependent changes between
the visual and environmental and biological markers (Schreiber et al.,
2002).

In another study also observed a positive correlation between the
color vision losses in workers exposed to styrene, D15d quantified with
the environmental label taken as the concentration of styrene in the
atmosphere and biomarker considered as the concentration of mandelic
acid in urine (Eguchi et al., 1995).

The interference of alcoholic beverages and tobacco by
individuals due to occupational exposure to organic
solvents on the results of visual psychophysical tests

In the study of subjects chronically exposed to a mixture of solvents
containing ketone, methyl ethyl ketone, 1,2 dichloroethane, butyl acrylate,
methylisobutyl ketone, toluene, n-butanal,acetone, ethyl benzene, xylene,
styrene and cyclohexanone, and assessed by color vision and luminance
contrast vision, we found that smoking affects the visual contrast
sensitivity (Gong et al., 2003). A similar result was found by Eguchi et al.
(1995). It was found no interference of smoking and consumption of
alcoholic beverages in the evaluation of vision using D15d and MCT 8000
(Gong et al., 2003). In addition, workers in a petrochemical distillation
factory exposed to solvent mixtures containing isopentane, hexane,
heptane, octane, cyclohexane, methyl cyclohexane, benzene, toluene,
xylene, ethyl benzene, 1,1,1-trichloroethane and methyl-tertiary-butyl
ether, in painters exposed to toluene and in workers exposed to styrene
assessed by color vision D15d, consumption of alcohol and smoking had
no effect on the results of visual evaluation (Lee et al., 2007, Campagna et
al., 2001, Eguchi et al., 1995).

Avaliagao visual de sujeitos expostos de forma ocupacional a solventes organicos
através de métodos psicofisicos

Resumo: Os solventes organicos sdo substancias neurotdxicas que podem causar
efeitos danosos sobre as funcées visuais. E comum a exposicao ocupacional a esses
tipos de substancias, pois elas apresentam grande aplicabilidade em inimeras ativi-
dades.Os efeitos podem ser quantificados por testes psicofisicos.Os testes mais usa-

VISUAL ASSESSMENT BY PSYCHOPHYSICAL ... 4  Euiza M. C. Brito LAcerDA, DorA F. VENTURA E Luiz C. LiMA SILVEIRA



dos nesse tipo de avaliacdo sdao de ordenamento de matizes, como o Teste D15
Dessaturado de Lanthony e o Teste dos 100 Matizes de Farnsworth-Munsell, e avalia-
cdo de sensibilidade ao contraste espacial de luminancia, como MCT 8000 Vistech,
VCTS 6500 Vistech e FACT 101.Em geral esses testes descrevem perda de discrimina-
cdo de cores, afetando tanto o eixo azul-amarelo quanto o eixo verde-vermelho, e
diminuicao da sensibilidade ao contraste de luminancia principalmente para as fre-
quéncias espaciais mais baixas.Existe correlagao positiva entre os resultados da ava-
liacdo psicofisica e varios marcadores biolégicos e ambientais, mas essa correlacdo
depende do marcador e do tipo de solvente ao qual os individuos sdo expostos. Fa-
tores como alcoolismo crénico e tabagismo inveterado podem interferir no proces-
so de correlacionar esses resultados.

Palavras-chave: Solventes organicos. Exposi¢do ocupacional.Psicofisica visual.Visao
de cores. Sensibilidade ao contraste.

Evaluation visuelle par des méthodes psychophysiques de personnes soumises a
une exposition professionnelle aux solvants organiques

Résumé: Les solvants organiques sont des substances neurotoxiques que peuvent
causer des effets préjudiciables dans le systeme visuel. L'exposition professionnelle
de ces types de substances est commune parce qu'ils sont utilisés dans une grande
variété d'activités. Ces effets peuvent étre quantifiés par des tests spécifiques de
psychophysique. Les tests les plus utilisés dans cette évaluation sont, pour la vision
des couleurs, le Lanthony Panel D-15 désaturé et le test Farnsworth-Munsell 100-
Hue, et pour I'évaluation de la sensibilité au contraste, le MCT 8000 Vistech, le VCTS
6500 Vistech et le FACT 101. Généralement, ces tests révelent une réduction de
discrimination des couleurs, des effets dans les axes bleu-jaune et rouge-vert, et une
diminution de sensibilité au contraste, spécialement dans les basses fréquences
spatiales. Il y a une corrélation positive entre les résultats psychophysiques et les
marqueurs biologiques environnementaux, mais cette corrélation dépend du
marqueur et du type de solvant auquel le sujet a été exposé. Des facteurs tels que
I'alcool et le tabac peut nuire a la corrélation des résultats.

Mots-clés: Solvants organiques. L'exposition Occupacional. Psychophysique Visual.
Vision des couleurs. Sensibilité au contraste.
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Evaluacién visual mediante métodos psicofisicos de las personas sometidas a
exposicion laboral a solventes orgénicos

Resumen: Los solventes orgdnicos son sustancias neurotéxicas que pueden causar
efectos dafiinos en el sistema visual.La exposicidon ocupacional a estas sustancias es
comun,ya que se utilizan en una amplia variedad de actividades.Estos efectos pueden
ser cuantificados por las pruebas psicofisicas especificas. Las pruebas mas utilizadas
para la evaluacién de la visién del color son las pruebas de acuerdo, tales como el
Panel de Lanthony D-15 desaturado de prueba y la prueba de Farnsworth-Munsell
100-hue, y para evaluar la sensibilidad al contraste, pruebas impresas panel como el
MCT 8000 VISTECH, VCTS 6500VISTECH, y el hecho 101 pruebas. En general, estas
pruebas demuestran que las pérdidas de color la discriminacién en el eje azul-amarillo
y rojo-verde, y una disminucién de la sensibilidad al contraste, sobre todo a bajas
frecuencias espaciales.Hay una correlacién positiva entre los resultados de estudios
biolégicos y psicofisicos marcadores del medio ambiente, pero esta relacidon depen-
de de la marca y del tipo de disolvente para que los individuos estén expuestos.
Factores tales como el alcohol y el tabaco pueden interferir con la correlacién de los
resultados.

Palabras clave: Disolventes organicos. Exposicién Ocupacional. Psicofisica Visual.
Visiéon del color.Sensibilidad al contraste.
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