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Solvent exposure in construction and maintenance painting

by Riitta Riala, MSc (Eng),' Pentti Kalliokoski, PhD,2 Lauri Pyy, MSc¢,® Gustav Wickstrém, MD*

RIALA R, KALLIOKOSKI P, PYY L, WICKSTROM G. Solvent exposure in construction and mainte-
nance painting. Scand J Work Environ Health 10 (1984) 263—266. Exposure to solvents in interior house
painting was determined by industrial hygiene surveys and questionnaires on work history. Painting work
was observed in 92 work situations at 18 sites, mainly during maintenance work. The effects of the size
of the work area, the volume of air, the type of paint, the amount used, the method of application, and
the use of ventilation on the solvent concentrations were also studied. In small, poorly ventilated rooms
the concentration of solvent naphtha averaged 275 ppm when alkyd paints were used. Wall and ceiling
painting with alkyd paints yielded an average solvent naphtha concentration of 210 ppm, and window
and door painting 80 ppm. The presence of a strong draft reduced the solvent concentrations by two-
thirds. The painters’ average lifetime dose of solvent naphtha was 12.2 kg, the average annual dose
0.54 kg. These levels decreased over the study period. The mean 8-h concentration of solvent naphtha

in the breathing zone averaged 40 ppm over the painters’ total worklife.
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In the Finnish construction industry during the 1970s
there was a considerable decrease in the use of paints
containing organic solvents. Today only about 40 %
of the 20,000 t of paint used annually in construction
work contains organic solvents, the other 60 % is
some type of water-based latex paint.

Paints containing solvents are used in new buildings
only for special purposes, eg, for radiators, window
frames, and floors in damp areas. In addition, more
and more building elements (kitchen fittings, for in-
stance) are prefabricated in factories with good work
conditions and are merely installed on site. However
wood preservatives that contain solvents have be-
come popular, mainly for wood intended for outdoor
use.

Solvent-based paints, especially the alkyd type, are
still in widespread use during maintenance work. In
addition to being used for window frames, doors,
and kitchen cabinets, they are also put on walls and
ceilings. Painters are thus more commonly exposed
to solvents during maintenance work than during
painting at new building sites.

About 9,000 Finns work as professional construc-
tion and maintenance painters. They usually start out
at new building sites, but as they gain experience they
prefer maintenance work, which requires better
quality and is more time-consuming. As the use of
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solvent-based paints was common also in new buildings
some 10 to 30 years ago, older painters have there-
fore been exposed to solvents practically all their
worklife.

An extensive Swedish study on painters’ work per-
formed under laboratory conditions showed that
some work methods resulted in exposure to high
levels of solvents (2). In another Swedish study on
spray painting, it was indicated that solvent exposure
reached concentrations equivalent to 1,500 ppm of
solvent naphtha (1).

The present investigation was carried out to deter-
mine the current level of exposure to solvents during
the interior painting of buildings. The solvent con-
centrations were measured for various work phases.
In addition a retrospective industrial hygiene survey
combined the measured solvent concentrations with
the results of a questionnaire study on previous work
conditions.

Materials and methods

Current exposure. The painters’ present exposure
to solvents was determined from industrial hygiene
surveys of 16 maintenance sites and 2 new building
sites. Altogether 92 work phases were studied. The
sites included three office buildings, five schools,
four apartments (or flats), five public buildings, and
one factory. Ceilings, floors, walls, kitchen cabinets,
window frames, doors, and the walls of staircases
were painted during the study.

Alkyd paint or alkyd lacquer (which contain 30—
50 % solvent naphtha as the primary solvent) was
used at 15 sites. [Solvent naphtha (White Spirit, Stod-
dard solvent) has the boiling range 140—200°C and
contains 17 % aromatic hydrocarbons (xylene, tri-
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methyl benzene, ethyl benzene).] Epoxy paints (which
contain toluene, xylene, aliphatic alcohols, and ketones
as solvents) were being used at the two new building
sites. A wood preservative diluted with solvent
naphtha was used at one site, and urethane lacquer
(which also contains solvent naphtha) was used at
another site. Spray painting was done in three build-
ings.

The concentration of solvents in the air depends
mainly on the amount of paint used and the volume
of dilution air. The former is directly related to the
area to be painted, the latter to the volume of the
room and its rate of ventilation. Thus the amount of
paint used, the type of ventilation, and the dimen-
sions of the workroom and the area painted were
always recorded. The results of the various work
phases were categorized according to these factors.

Solvent vapor samples were taken by the routine
personal sampling method with small portable
pumps (Sipin SP-1) and charcoal tubes. The duration
of the sampling varied from 15 min to about 3 h,
depending on the work. The sampling rate was 200
ml/min. Solvents were desorbed from the charcoal
by dimethyl formamide and analyzed with a gas
chromatograph equipped with a stainless steel col-
umn (length 1.5 m, inner diameter 2.2 mm) packed
with 10 % Carbowax 20 M and 3 % sodium hydrox-
ide on Chromosorb P (80—100 mesh). The column
temperature was 80°C, and the flow rate of the car-
rier gas nitrogen was 30- ml/min. The results pre-
sented in table 1 were obtained with these pro-
cedures.

Previous exposure. The questionnaire on work history
covered 231 painters, who had also participated in
a thorough psychological and neurophysiological

examination (4, 6). The painters answered questions
on the length of painting work, the paints they had
used throughout their worklife, the amount of actual
painting work and that of preliininary work and wall-
papering, their work conditions, and the frequency
of ‘‘drunkenness’’ caused by the solvents in paints.

Each individual painter’s average exposure to sol-
vents was calculated from the questionnaire data on
both the amount of time spent working in different
types of rooms and the proportions of different types
of paints. The doses of exposure to solvents for three
different periods of time (total worklife, the past five
years, and the last year) were calculated on the basis
of the workhours spent on actual indoor painting
work and the average concentrations of solvents
measured during various work phases (5).

Because solvent naphtha is by far the most com-
mon organic solvent contained in paints, the concen-
trations of the other solvents were converted to cor-
responding solvent naphtha concentrations to facili-
tate the calculation of individual doses of exposure to
solvents. The Swedish hygienic limits from 1978 were
used in the conversion. Thus, for example, the Swed-
ish hygienic limit for xylene or toluene (80 ppm) or
the hygienic limit for ethanol (1,000 ppm) corre-
sponded to the hygienic limit for solvent naphtha (85
ppm). This conversion method gives a rough estima-
tion of the mixed exposure to various paint solvents,
but it also simplifies the picture given of the toxi-
cologic effects of the solvents.

Results

Current exposure. A summary of the solvent naphtha
concentrations to which the painters were exposed

Table 1. Airborne concentrations of solvent naphtha in alkyd and urethane painting and varnishing.

Average concentration of solvent naphtha

Type of room? Ventilation® No ventilation® Total
Number of Concentration Number of Concentration Number of Concentration
samples (ppmy} samples {ppm) samples (ppm)
Roller and brush painting 26 38 43 194 69 135
Cellars and small rooms 10 42 15 275 25 181
Door and window frames g 37 4 198 9 109
Walls, floors and cabinets 5 46 1 303 16 223
Medium-sized rooms 4 72 16 128 20 116
Doors and window frames 2 85 3 104 5 96
Walls and ceilings 2 58 13 133 15 123
Large rooms 12 24 12 180 24 102
Doors and window frames 4 14 2 49 6 26
Walls, floors and ceilings 8 29 10 206 18 127
Spray painting 5 39 3 235 8 115
Medium-sized rooms, ceilings 1 113 1 220 2 176
Large rooms, ceilings 4 20 2 243 6 94
Total 31 38(SD 36) 46 197 (SD 142) 77 132 (SD 134)

a Small rooms: kitchens, shower rooms, small bedrooms, entrance hallways, etc; medium-sized rooms: normal living rooms
and bedrooms; large rooms: classrooms, halls, gymnasiums, etc.
b Mechanical ventilation or natural draft (windows and door open).

¢ Only door open, no mechanical ventilation.
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during painting and varnishing work is presented in
table 1. The average concentrations were calculated
as the mean concentrations of the single sampling
periods. The equivalent solvent naphtha concentra-
tions varied widely according to the work condi-
tions. As expected, the highest concentrations were
measured when large surfaces were painted in small,
poorly ventilated rooms. Under such circumstances,
the average solvent naphtha concentration was about
300 ppm. These conditions were typical when lava-
tories or showerroom walls were painted.

Because a large amount of paint was used, the sol-
vent naphtha concentration was always high when
walls or ceilings were painted with solvent-based
paints, the average value being 210 ppm for 21
samples (including samples from all sizes of work
areas).

Door and window-frame painting represented the
painting of small surfaces (N=20). If no other
painting was carried out simultaneously, the average
solvent naphtha concentration was 35 ppm (N = 14).
However, in a small apartment where one painter
worked on kitchen cabinets while another painted
doors, the latter was exposed to an average solvent
naphtha concentration of 210 ppm (N=4). In this
case the cold outdoor temperature prevented ventila-
tion through the windows.

Ventilation had a crucial impact on the concentra-
tion of solvent vapor. When it was possible to create
a strong draft through the room by opening the doors
and windows, the painters’ exposure was diminished
to about one-fifth of the levels measured when the
windows were closed. The average solvent naphtha
concentration during roller and brush painting was
38 ppm with good natural or mechanical ventilation
and 194 ppm with no ventilation.

Spray painting is an uncommon method at con-
struction and maintenance sites in Finland. In the
two buildings where alkyd paint was sprayed, the
average solvent naphtha concentration was 115 ppm
(N=8). Here, again, ventilation affected the con-
centrations of the solvent. Rooms with mechanical
ventilation had a solvent concentration of less than
one-fifth of the concentrations measured in rooms
with no ventilation. However, spray painters were
not exposed to high solvent concentrations because
they used respirators.

The exposure to solvent-based paints other than
the alkyd type was determined in only a few work
situations. The average solvent naphtha concentra-
tion was 67 ppm when doors were being finished with
a wood preservative (N =6).

When epoxy paint was sprayed on the ventilation
ducts of a new factory (N=7), the average additive
effect of the solvent vapor concentration was 66 %
(calculated from the threshold limit values of the
American Conference of Governmental Industrial
Hygienists (ACGIH) for 1981 and the ACGIH for-
mula for the additive effect of components with

similar toxicologic effects). This site was ventilated
mechanically, and respirators were used. When the
roller method was used with epoxy paint to paint cel-
lar floors, the additive effect was 37 %. The low con-
centration was mainly due to the short duration of
the work (4 min).

Previous exposure. All 231 painters who participated
in the questionnaire study responded to the first
questionnaire which dealt with their previous and
present work conditions. A supplementary question-
naire was later completed by 195 painters.

The painters had entered their occupation when
young, 63 % at the age of 19 or younger. Their mean
age was 42 (SD 9.1) years at the time of the investiga-
tion. They had worked as painters an average of 22
(SD 8.5) years, and had done maintenance painting
for an average of 11 years. Eighty-seven percent had
worked mainly indoors. About 60 % estimated that
they actually painted at least one-half of their work
time. The other 40 % used more time plastering,
wallpapering, and doing preliminary work.

The questionnaire study confirmed that the use of
water-based paints has definitely increased, even in
maintenance painting, during the 1970s (figure 1). At
present two-thirds of the painters use only latex paint
most of their work time. The paints (eg, epoxy and
vinyl paints) with the most hazardous solvents were
used extensively by only 5 % of the painters inter-
viewed.
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Figure 1. Change in the use of various types of paint.
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About half of the workers who generally used
paints containing solvents declared that they nearly
always wore respirators during such work. As was
stated earlier, spray painting is very rare in mainte-
nance work in Finland, and more than 90 % of the
workers reported that they spray painted very sel-
dom.

Drunkenness caused by solvent vapors from paints
showed high personal and time-dependent variation.
Between 1960 and 1973, when the use of solvent-
based paints was at its height, the feeling of drunken-
ness was estimated to have occurred often, on an
average of 46 times a year. Between 1974 and 1978
the occurrence of drunkenness averaged only 27
times a year.

Between 1960 and 1973 drunkenness was experi-
enced very often (100 or more times per year) by 8 %
of the workers. The painters reported that solvent-
based epoxy paints were the main cause.

The average exposure dose for all the painters
throughout all their years of painting was 11.9 (SD
8.5) kg of solvent naphtha. The average yearly dose
was 0.53 kg. In 1977 the mean dose of exposure was
only 0.32 kg, a finding indicative of the improved
work conditions. The mean 8-h concentration of sol-
vent naphtha in the maintenance painter’s breathing
zone averaged 40 ppm for their total work time. For
1977 the corresponding value was only 25 ppm.

Discussion

The maintenance painters’ average daily exposure to
solvent naphtha was suprisingly low (40 ppm) when
the concentration levels of various work situations
are considered. When solvent-based alkyd paints
were used, the airborne concentrations of solvent
naphtha usually exceeded 100 ppm, often even 200
ppm during the work phase. This apparent dis-
crepancy was partly caused by the extensive use of
water-based paints in the construction and mainte-
nance industry and partly by the relatively small pro-
portion of time spent actually painting.

Water-based latex paints replaced other types of
paint during the 1970s. At the same time, the paints
containing volatile aromatic hydrocarbons (eg, epoxy
paints) practically disappeared from construction
and maintenance sites. Today the most commonly
used solvent-based paint is that of the alkyd type,
with a solvent naphtha concentration of 30—40
weight %. It is often used during maintenance work
in homes.

The results showing a fairly low average exposure
to solvents among maintenance house painters are
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supported by the findings of the neurophysiological
and psychological examinations made in conjunc-
tion with the present study. The neurophysiological
examinations indicated no significant changes (6).
Even though poor performance was found on some
of the psychological tests (4) and acute symptoms
(drunkenness during work, nausea, irritation of
mucous membranes) were more frequent among the
painters than the referents, the results of the psycho-
logical investigation indicated milder changes than in
previous Finnish studies on occupational exposure to
solvents [eg, the car painter study (3)]. Since these
studies concerned only active painters, they do not
however provide information on the health effects of
solvents on those who have left this occupation.

Construction and maintenance painters are no
longer heavily exposed to solvents even though they
occasionally perform tasks in which the solvent con-
centration, especially that of solvent naphtha, is con-
siderable. Under such circumstances preventive mea-
sures are still vital. Good ventilation would be ideal
for this purpose. However, it is often difficult to
achieve in construction work, and the use of respirators
is also important.
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