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Occupational exposure to benzyl 
chloride and benzal chloride due to 
contaminated butyl benzyl phthalate 

Benzyl chloride and benzal chloride were 
detected as air pollutants in a vinyl floor 
tile industry. The investigation was per- 
formed in order to find the cause of irri- 
tation in the upper airways of the workers 
in this industry. The findings are of partic- 
ular interest since both benzyl and benzal 
chloride have been shown to produce irri- 
tation of the eyes and respiratory mucosa 
(5), symptoms like those the workers com- 
plained of. Furthermore both compounds 
have been shown to be carcinogenic in ex- 
perimental animals and mutagenic in bac- 
teria, benzal chloride being the more po- 
tent (1, 3,4, 9, 10). Benzyl and benzal chlo- 
ride are included in the list of carcinogenic 
substances from the National Board of Oc- 
cupational Safety and Health, Sweden. 
The hygenic standard for benzyl chloride 
is 5 mglm3. For benzal chloride no stan- 
dard is given, and special permission is 
needed for the handling of this substance 
and materials containing more than 1 % of 
it by weight (6). 

Vinyl floor tiles are manufactured by the 
process of laminating a surface film and a 
patterned film of polyvinyl chloride with a 
thicker sheeting of polyvinyl chloride at 
temperatures of 150- 180" C. The surface 
and the patterned films contain about 
30 Yo, by weight, of butyl benzyl phthalate 
as a plasticizer, and in the thicker sheeting 
di(2ethylhexyl)phthalate is used. Expo- 
sure levels at a manufacturing line were 
found to be about 0.03 mg/m3 for benzyl 
chloride and about 0.15 mg/m3 for benzal 
chloride. For a determination of the source 
of these substances the materials used in 
the manufacturing were analyzed. Benzyl 
and benzal chloride were found to be pres- 
ent as impurities in the butyl benzyl 
phthalate used in the manufacturing of the 
surface and the patterned films. The con- 
centrations of benzyl and benzal chloride, 
respectively, were as follows: butyl benzyl 
phthalate: 0.03 and 0.3 %; surface film. 

0.004 and 0.04 %; patterned film: 0.004 and 
0.02 %; and in the top layer of a 10-day-old 
vinyl floor tile: < 0.001 and 0.01 %. In butyl 
benzyl phthalate, benzal chloride has not 
previously been reported, and the concen- 
tration of benzyl chloride has been deter- 
mined to be less than 0.01 % (8). A mea- 
surement of the exposure level at the fac- 
tory producing the surface film has also 
been performed. The concentrations in air 
were found to be around 0.03 mg/m3 for 
benzyl chloride and around 0.2 mg/m3 for 
benzal chloride. Both substances were also 
detected in the atmosphere over a 10-day- 
old vinyl floor tile. At room temperature 
the emission rate of benzal chloride was 
calculated to be about 0.01 mg per hour 
and square meter. Dichlortoluenes have 
earlier been found in the vapors from vinyl 
floor tiles, but no specification of benzal 
chloride was made (2). 

Commercial production of butyl benzyl 
phthalate is usually performed by the reac- 
tion of the monobutyl ester of phthalic 
acid with benzyl chloride, which may con- 
tain up to 1 % benzal chloride (4). In our 
analyses the concentrations of benzyl and 
benzal chloride in different brands of butyl 
benzyl phthalate have been found to vary 
between 0.01 and 0.05 % and between 0.001 
and 0.4 YO, respectively, probably due to 
different levels of purification. Thus it 
seems possible to reduce the exposure 
levels of benzyl and benzal chloride by 
using butyl benzyl phthalate with low 
levels of impurities, and such a conversion 
is presently going on in Sweden. 

Potentially exposed occupational groups 
in Sweden include workers in the plants 
producing surface films and vinyl floor 
tiles, as well as floor-layers. Vinyl floor 
tiles made from polyvinyl chloride plas- 
ticized with butyl benzyl phthalate are 
easy to clean, and for this reason they are 
often used in public buildings like day- 
care centers, schools, hospitals, and office 
buildings. Since vinyl floor tiles have been 
shown to emit benzyl and benzal chloride, 
a certain exposure of the general pubic 
may occur. This emission may be a factor 
contributing to the irritations experienced 



in so-called "temporary sick buildings." 
The exposure levels of benzyl and benzal 

chloride found so far seem to be low, but 
a great number of people are exposed due 
to the large amounts of butyl benzyl 
phthalate produced. In the United States 
the production in 1979 was estimated to 
have been 68 x 106 kg, more than half of 
which was used for vinyl floor tiles (4). In  
Sweden approximately 2 x lo6 kg of butyl 
benzyl phthalate is used yearly. According 
to an estimation of the National Institute 
for Occupational Safety and Health (7) over 
60,000 workers in the United States are 
potentially exposed to this plasticizer. A 
reduction of the exposure to benzyl and 
benzal chloride due to contaminated butyl 
benzyl phthalate must be considered as 
urgently needed. 

We are presently undertaking systemat- 
ic measurements of exposure levels for the 
potentially exposed occupational groups 
in Sweden. Butyl benzyl phthalate has 
been used in Swedish industry for about 
20 years, and for future epidemiologic in- 
vestigations it is important to have reliable 
data on the exposure. We also intend to 
repeat our measurements after the conver- 
sion to uncontaminated butyl benzyl 
phthalate has been completed. 
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