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Abstract

Objectives The present analyses were initiated to eluci-
date changes in types of prevalently used organic solvents
in various solvent workplaces in Japan during the past
30 years.

Methods Five publications on industrial solvent use were
employed as databases, which were supplemented by sol-
vent workplace surveys in 2010-2012; the surveys were
conducted following regulation-stipulated procedures. In
practice, data on 500-600 unit workplaces/year were
available; the data were classified by types of solvent work
according to the regulation.

Results  The use of aromatic solvents (typically toluene)
has been gradually replaced in a recent few years with
methyl alcohol and isopropyl alcohol in surface coating
workplaces, whereas toluene has been essentially most
prevalent in printing and painting workplaces. In cleaning
workplaces, the use of chlorinated hydrocarbon solvents
was almost terminated in the years before 2000.
Conclusions The present study may be the first report to
note that the prevalence of toluene use has been decreasing
in surface coating workplaces to be replaced by alcohols,
although toluene has been most prevalent in printing and
painting workplaces. In cleaning workplaces, there was a
substantial reduction in the use of chlorinated hydrocarbon
solvents.
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Introduction

Organic solvents are fundamental industrial chemicals
employed in various workplaces. Whereas the toxicities of
organic solvents have been gradually understood in
industrial communities through regulatory activities [1, 2],
types of solvents in use are surveyed only on limited
occasions and the annual changes in types of common
solvents are seldom reported. Rather exceptionally, this
study group has been conducting solvent surveys repeat-
edly since 1980 [3-7].

The present analysis was initiated to elucidate possible
changes in leading solvents in various types of solvent
workplaces (printing, painting, etc.). The analysis covered
the past 30-year period in Japan, by use of data published
in literatures in combination with the results from supple-
mental surveys conducted in latest 3 years.

Materials and methods

Five publications on survey for solvent use in industrial
settings were employed as the databases for the analyses
[3-7]. In these reports, the solvent use was surveyed
basically in factories in Kyoto prefecture and its vicinities
in Japan. The monitoring design was as stipulated by law
[1], except for the survey in 1980 when the survey proce-
dures were yet to be defined by regulation. Supplemental
surveys were conducted in 2010, 2011 and 2012 in Kyoto
prefecture and the vicinities to collect the latest informa-
tion. Cases of public research institutions were excluded.
In short, the regulatory system considers a hypothetical
grid in each solvent workplace, and room air at the 5 or
more crosses (together with the site of possible highest
concentration) was taken, e.g., into sampling bags. Organic
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solvents (7 and 40 types of group 1 and group 2 solvents,
respectively, also legally defined [8]) in sampled air are
identified by capillary FID-gas chromatography (FID-GC),
as previously detailed [5—7]. The detection limit was 1 ppm
for all solvents both in the publications and in the sup-
plemental surveys.

In the 1980 study [3, 4], small quantities (e.g., ca. 10 ml)
of solvent-containing samples (e.g., paints and inks) were
collected in glass bottles with airtight screw caps. A por-
tion of homogeneous solvent liquid (e.g., thinner) or head-
space air in the bottle (in case of heterogeneous samples,
e.g., paints) was subjected to FID-GC. No materials for
surface coating were collected in the 1980 survey, unfor-
tunately [3, 4]. The details of analytical procedures were
described elsewhere [3, 4].

Solvent workplaces were grouped after regulatory clas-
sification [1, 2, 8], of which five types are selected as major
groups, i.e., printing, painting, glue application, surface
coating, and cleaning- degreasing- wiping (cleaning in
short). Prevalence in the detection of the solvent [%; (the
number of cases where the solvent was detected x 100)/
the number of unit workplaces surveyed)] was taken as the
indicator of its commonality. Because solvents were often
used as mixtures (rather than unmixed) in solvent work-
places [5-7], summation of the prevalence percentage
usually exceeded 100 (%).

For statistical evaluation, y* test was applied to detect
significant difference in the prevalence of cases.

Results

The three solvents most frequently detected in each type of
solvent workplaces were presented in the Table 1, as rep-
resentative solvents for the survey year.

In 1980, toluene was the most prevalent solvent in
printing, painting and glue application workplaces. In
contrast, chlorinated hydrocarbon solvents such as tri-
chloroethylene were used typically for vapor degreasing.
No data were available for solvents used in surface coating
workplaces. Toluene kept the leading position as the most
prevalent solvent in printing, painting and glue application
workplaces until the first decade in the present century.

Toluene was commonly used also in surface coating
workplaces in 2009, but isopropyl alcohol and methyl
alcohol took the leading positions in 2010 and later, as to
be discussed later. In cleaning workplaces, three chlori-
nated hydrocarbons of trichloroethylene, 1,1,1-trichloro-
ethane and then dichloromethane were leading solvents in
1980s [3, 4] .The use of trichloroethylene and 1,1,1-tri-
chloroethane were suppressed in reflection of environ-
mental concern [9, 10]. The use of isopropyl alcohol
became increasingly common since 2004 survey [6]. It
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should be noted that two chlorinated hydrocarbon solvents
of 1,2-dichloropropane and dichloromethane were recently
suspected as the causative chemicals of cholangiocarci-
noma, which were detected among proof-printing workers
[11]. The 2012 survey in industries, however, did not find
any cases of dichloromethane use. It should be added that
1,2-dichloropropane was not in the list of legally defined
organic solvents [1, 8] until 2013 and therefore out of the
targets of the present survey, unfortunately.

To follow-up further changes, the survey was repeated
annually in the latest 3 years (the bottom half in the
Table 1). Toluene has been the most prevalent solvent in
printing and painting workplaces even in these years,
except that toluene prevalence was barely exceeded by that
for xylenes in printing workplace in 2012. The first position
in glue application was, however, taken by ethyl acetate in
2012 with toluene at the second position.

The changes were further clear in surface coating
workplaces. Toluene once took the first position in 2009
but dropped to the third with methyl alcohol and isopropyl
alcohol at the first and second positions, respectively. The
prevalence of toluene use in surface coating was signifi-
cantly (p < 0.01 by 7> test) reduced in 2010-2012 as
compared with that in 2009. In the cleaning workplaces,
the use of isopropyl alcohol and acetone became more
prevalent although toluene maintains the second or third
position in the commonality. Since 2004, the prevalence
for isopropyl alcohol has been higher (p < 0.01 by »? test)
than that for toluene.

Discussion

It appears likely that this is the first report to note the
reduction in toluene use in surface coating workplaces in
recent 3 years. In cleaning workplaces, the use of isopropyl
alcohol and probably that of acetone also became more
prevalent than that of toluene since 2004. As toluene is a
central nervous system depressant [12], the reduction in use
may carry substantial industrial health significance. It was
not possible in the present analyses to examine if the work
environments as a whole have been improved in recent years.

No similar survey on types of solvent use in industries
has been conducted in other areas except for Yasugi et al.
[13] and Moon et al. [14]. Yasugi et al. [13] observed in
Hiroshima prefecture in western Japan that toluene was the
most commonly used solvent in printing, painting and glue
application workplaces. Moon et al. [14] obtained very
similar results of common toluene use in printing, painting
and glue application in addition to cleaning workplaces in
factories in Busan suburbs in Korea. These articles com-
bined with the report by Ukai et al. [5] may suggest very
common use of toluene across various types of solvent
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workplaces both in Japan and in Korea in the years around
2000. However, it is not known whether shift to non-aro-
matic solvents (especially to alcohols) is currently taking
place also in these places.

In conclusion, there has been continuous trend of less
use of aromatic solvents (typically toluene) especially in
surface coating workplaces. In cleaning workplace, iso-
propyl alcohol and possibly acetone are more prevalently
used than toluene.
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